Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



• • • • • • 



. •• • • • • 

• • • • • 



LONDON 



BT WILLIAM CLOWES AHD SOVB, BTAMFORO 6TBKKT, 
AMD CHAKDIO CKMS. 



NOTE BY THE TRANSLATOR. 



translatioii is made from thu tbird edition of the ori^'nal 
, DOW in course of passing tbrough the press. The present 
Deludes all that had been printed at the time of the iiivest- 
of Paris by the German army, and, in consequence of that 
□lent, it is published before the original is given to the 

jhenne's great work on ' Localized Electrization' is not only 
-nigh exhaustive treatise on the me<Hcal uses of electricity, 
; is also an elaborate exposition of the different diseases in 
electricity has proved to be of value as a therapentioal 
[iagnostic agent. Ko similar treatise exists in the English 
age: indeed the work is unique. 

las not been without hesitation that I have ventured to add 
B notes to the original. These additions have been made 
itrict reference to the requirements of English medical prac- 
?rB, and tliey have particulitrly in view to facilitate the 
CO of medical electricity. In making tliem, I have been 
1 partly by the large experience of the National Hospital 
e Paralysed and Epileptic, and partly by the observations 
■i from private practice. 

H. T. 



d Street, Jitusell Square, W.C, 
D«>;mbpr, 1870. 
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LOCALIZED ELECTRIZATION, 

AND ITS APPLICATIONS IN PATHOLOGY 
AND THEKAPEUTICS. 



Part L— METHODOLOGY. 
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Three varieties of electricity are employed in medicine — friction 
electricity, contact electricity, and induced electricity,' The first 
is also called static electricity; the last two are included under 
the temi dynamic electricity. 

The first question which suggests itself with regard to them, the 
importance of which is self-evident, is as follows : — In their ])hyaio- 
logical and thera[K3utical applications, when it is desired to limit 
their action within certain organs, is it a matter of indifference 
which of the three varieties is employed ? In other words, are the 
physiological and therapeutical properties of the three varieties 
identJcol ? 

I have no intention to set forth the various and diBcordant 
opinions which have prevailed upon this point. To do so would 
be to enter into historical questions, which I am desirous as far as 
possible to leave unnoticed. But I must observe that several 
physicians, who have made a special study of the therapeutical 
applications of electricity, have remarked certain differences 
between the properties of the static and of tlie dynamic form. 
Fabre Paiaprat, for example, taught that static electricity was 
chiefly applicable to paralysis of sensation, and to the excitation of 
the muscles of relation ; whilst, on the contrary, contact electricity 
was only ailapt«d for the excitation of the muscles of organic life, 
or of delicate organs, such as the eye, the ear, &c. 

These statements have Ijeen reproduced in many special treatises, 
although they did not rest upon any serious researcli ; and although, 
as I shall presently demonstrate, they were not in harmony with 
the physiological properties of the different forms of electricity. 
It is therefore not surprising that they should have been neglected 

[■ Thelwo furmi^rTarieticsof eleclrii'ilT nunolaiC]r alioiild be adopted in woiki 
aro BO* cotomouljr termed by phjsiriatj dptoWd to (he mediml applioation of 
fnuMinh elfdrieilj/ and voUaic riecirialy. elcrtripity.— ff 7".] 
It ii grcnttv U> be dt^ired tint thU tcr- 

B 2 



LOCALIZED ELECTRlZATlOK. 

iu pnicticMj. ll would Im: wrong, liowever, to snjUHwe tliat i 
tlierapeuticttl at-tioii of i;lectricity is always the Biinie, whatever — ^ 
■ouroe. I make no claim to hare entirely solved this difKcoh 
qacetion; l>ut I lio|ie to estnUiiih tliat friction electricity, contart 
electricity, und induced electrii-ity possess special pliysiolt^nl 
and tbempt'uticBl properties, and that each of tliem will fulfil 
particular indications. 

Pakt 1. 
BTATie ELEI-TKICITY. 
§ 1. — Physiohgieal Properties. 
The principal methods employed for tht* application of static 
electricity are, as is well known, electrization hy simple contact, 
calletl the. electric bath ; electrization by siiarks ; and, lastly, elec- 
trization by the lieyden jar. The other methods do not appear tu 
me sufficiently imjiortant to retjuire discussion. 

A. — Eleetro-positivn and Negalive Balht. 

The electric bath has long been ranked among the most tsIiu 
therapeutical t^ents. According to Giacomini,' the positive H 
is applied and acta in the following nianner : — " The patient, b 
insulated, is placed in contact with the conductor of the eJet 
machine. The whole surface of the body is tlius electrified, 
the air which surrounds the Ijody is rendered electro-n^ 
The positive electricity by which the organism is chtiiged is o 
1o the surface, and probably accumulates in the skin, by \' 
the law above-mentioned, for it has no efiect upon any inte 
organs. Neither the pulse, nor the secretions, nor the iutdllec 
Junctions, nor the respiration, undergo any particular change ; t 
the accumulated electricity which constitutes the bath, € 
all points of tlie epidermis, from the hair, beard, and nails," Ac \ 

Giacoroini attributes a hyposthenic influence to the ■ 
negative bath, which withdraws from the body a greater j 
smaller quantity of its natural electricity. This is done by \ 
sulating tbe patient, and by placing his body, and 
the diseased part, in connection with the cushion or rubber of \ 
machine. The plate, being then turned, discharges vitr 
electricity in proportion as it has accumulated. It is evi 
according to Giucoraini, that the electricity yielded by the cm 
is derived from the nerves of the patient, instead of trom 1 
ground, as in the case of tbe positive bath. 

' Cilcil in La Bibliolbrqiic du IHfdeein Prarfieien. Pnriin, 1850. Vol. x 



STATIC ELECTRICITy. 

This electra-phyaiological theory has certninly nrtt been founded 
upon experiment ; for a bealtliy person, subjected to an eleetiir, 
bath, either positive or n(?j;ative, does not exhibit any symptoms of 
an influence either esoitant or hypos! hen if. 

B. — Sparks, and the Leyden Jar. 

Whatever may be the form of ex-iter that is brought into con- 
nection with the conductor of an electrii; machine, and whateveT 
may be the distance that separates tliis exciter from llie skin, the 
electricity furnished by the machine iii action will reunite with 
that of the body at the epidermic surface, with a greater or less 
degree of tension. A pointed exciter allows the electricity to escape 
easily; with a knob the tension ia greater and the sparks are 
less freijuent ; but each of these forms discharges itself by a single 
spark. An exciter huving a plane surface discharges itself by 
several sparks at once (trom two to live), if it be at a little distance 
from the skin. 

A metallic brush acta, in this respect, like a plane tnirfaee: 
that is, it gives off only two or three sparks at a time, whatever 
the nnmber of threads of which it is composed.^ 

Static electricity applied by the exciter — of which the several 
actions have just been described — produces always the same sensa- 
tions, differing only iu their degree. These sensations may be 
compared to tliose produced by the impact of a small substance 
striking upon the skin. They are always disagreeable, however 
weak the electric tension. The feeling is never veiy acute, nor 
like that of a bum, or a puncture, whatever form of exciter may 
be employed. After a time the skin reddens and becomes more 
sensitive. To render the discharge more painful, it is necessary 
to employ a degree of tension that can only be obtained by a 
Ijeyden jar of moderate size, sufficiently charged ; but then the 
excitation will be no longer limited to the skin, aud will produce 
the effects to be described hereafter. 

Under weak tension, the action of static electricity can always 



* A bmih of badger'a hur twa been detennJDa & onirent nf air to tho mu-fkce 

toed OB nn exciter: Knd thia. twing in of the hniali. It ia tliie cuTrent. unalngnuB 

oonneulioii Willi iin eleotrio mncliine, and to tlint which ia funnrd at tlie gnrftcB of 

being bell at a sboit ilietnnoe &oiu tlie ibe plate p{ bq electrio mnchine in mOTe- 

bUd. ncouiims a senwtion uC cuolnt-es ment, niiirli cnows tlm aeinrAtinii ofoiiul- 

vaA A very aliglit piiokiiig. Sncb a, neaa pmlai^il bj tliu vlciiiil]' of the 

briuih, {Iself a bail cinduclor. is chnrged electrifli'd hni^h ft btul^ir'a hair. It ia 

with poaitiTF rlcvtrioilj, Ilie cicns uF evident I1isi*i1ils itiLtliiMl of eloclriiatioD 

whieli I'BcBpi-i froDi Uh extri'milieH of the is illuBory: ewev the niitiml elijclrioit]' 

luiink Ln \ai\le with thu eleotticitj of of the body iiDderguca no njipreciuUe iii- 

llip ■ammodiiiRBir. Tht effect ibb aeries flupDcc. 
if rnpit] nod iiui!ixsiivc rc>-iiiiiiina whicli 
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be limited to the Bkin. Sucli is the tenaiou obtaiued from i 
electric inachine of medium power: wiiidi is liardly enough ■ 
produce contraction of the superficial muscles, especially if \ 
cellular tissue be rather abundant; and, if produced, the conu' 
tions will be incomplete. 

Although it is possible to confine the action of static electricHr ■ 
to the skin, it is not ]>os8ible to concentrate its power upon the 
muscular tissue or upon the snb-cutaneous nerves. In fact, tfa« 
superficial action of this form of electricity is inseparable from 
its deep action. In the latter the electric reconi position is stiU 
efieeted at the epidermic surface, and produces a cutaneous aenaft- i 
tion that obscures tiie muscular. 

The tension obtained by means of a Leyden jar enable* 
current to penetrate through a considerable thickuess of 1 
Thus the current from the jar is sufficient to proiiuce energy 
muscular contraction; but however feeble may be the tengioD,] 
long as it can be measured by Lane's electrometer, it alir 
produces a shock, that is to say, a contraction aud a e 
which extends beyond the point excited, and wliich is felt i 
acutely in the nervous centres. 

If the exciter be placed over a nervous trunk, the sensation fl 
like that produced liy a severe contusion of the nerve, and n i^ 
lowed by a n urn bni-ss that extends almost to the ultimate r 
fications. With a sufficient degree of tension, acting either t 
a nerve or upon muscular tissue, the shock is so strong \ 
the whole limb, or even the whole body, seems as if struck I 
lightning. 

At the spot at which a Leyden jar ig discharged, the ; 
gradually loses colour over an area of two or three centimetreBl 
radius, and becomes of a dull white in a few seconds. The i 
vouB papillffi stand erect upon the blanched surface, which is a 
somewhat lowered in temperature. The person on wiiom < 
experiment is tried sometimes esperiences a feeling of numbi 
Analogous phenomena appear to take place in the muscular t 
subjacent to the portion of akin that is acted upon. I have t 
occasion to make an electric discharge upon the surface o£9 
denuded muscle, and this muscle lost somewhat of its coloar, o 
a small space, for some time. The cutaneous local phenoi 
last generally from twenty to thirty minutes; aud once, in 
delicate person, I saw them continue for three-quarters of an 1 
After tliis time, the blanched spot pusses, in a few minutes, f 
dull white to an erythematous redness, and undergoes an eleratiL 
of temperature appreciable by the thermometer, and sometimes I 
the sensations of the patient. 
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It is uniTeraally known tbut the discharges of static electricity 
are very small in quantity ; and that for this reason their calorific 
and electrolytic efi'eets are feeble. 

Finally, the exciting action of the negative pole is greater than 
that of the poBitire, as is also observe'l in galvanic electricity.* 

The organic phenomena just described appear to me to eatablish : 
(1) that the discharge of a Leyden jar produces at first, locally, a 
profound torpor, by suspending, for a time, the capillary circula- 
tion, and by diminishing the calorification in the tissues upon 
which it acts ; f2) that the excitement produced by tliis method 
of electrization is only a kind- of reaction, as shewn by the erythe- 
matous redness, and by the augmentation of temperature in the 
parts formerly bleached ; (3) that the reaction is established with 
different degrees of facility. 

5 II. — Tkerapeufical Pro^rtiea. 

The electro-positive bath, formerly used as a genera! excitant of 
the surface of the body, is now commonly abandoned, its therapeu- 
tical being as little discoverable as its physiological action. 

It is not the same, it is said, with the electro-negative bath, 
which is ranked by the Italian school among their most valuable 
bypogtheiii3ant& According to Giacomini, the patient subjected 
to this bath is de-electrized, is consequently deprived of a greater 
or less quantity of a stimulant analogous to heat, and undergoes a 
real hypostheniaant effect. Erysipelatous tissues may be seen to 
become blanched under its influence ; and chronic inflammations 
undergo on unquestionable improvement. Headaches, and neu- 
ralgic pains, have been instantly relieved by this kind of electric 
flux, as by the application of ice, which abstracts heat, and perhaps, 
at the same time, electricity also. Such are the virtues attributed 
to the electro-negative batli. 

This notion of au electric flux may impress the imagination ; 
but it is difficult to believe that the hyposthenic effect is less 
doubtful than the excitant property once attributed to the positive 
bath. It would, however, be wrong to condemn a therapeutic 
agent solely on the ground of the nullity of its phyaiological action, 
especially when it is supported by an authority so great as that of 
Giacomini. It is therefore necessary to determine by fresh trials 
what is the actual value of the electro-negative batb. 

* Tbi» iiDportftDt fiiPt ftns discovered niitHfiifaa jirodvih far t iUn^riril^ tran»- 

by M. Oiiaaveau. the Director of the miV daut VorganUmt animal i TOal da 

noBtomieal and pbjdiologinLl Dourses at eoiitant iHtlutilanf, <( li r^ti'l Ur covn/Ht 

lii^ Imperial Vctfrinaiy tVhnol iil Lyons, rtmliuu.' 

See hia moBtiir: ' Th^ir drt efrU phy- 
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Electrization by gparks jTuduces a seusation aiialogons to tbst 
of whip[)jng, and appears principally adapted for caaea io which 
it is necessary slightly to stimulate the skin ; although it woul'I 
be insufficient if very active stiomlation were desired. In fact, 
to obtain such active stinnilation, it would be necessary to have I 
recourse to static electricity of high tension, such as would bs 
furnished by the Leyden jar, and which wniild also prodm 
muscular contractions and general shock as to complicate tha 
action upon the skin, and t« contra-indicate the employmenl 
of the agenl. Electrization by sparks is, therefore, uselew in 
cases of profound and obstinate auffistliesia, or where it is wished 
to produce an instantaneous revulsion, such as would be efiectecl 
by the actual cautery. 

Electrization by sparks, even ivhen they are yielded by i 
powerful machine, and by spherical exciters, isonly able to product 
contraction of some superficial or very excitable muscles, such 
the platysma, the upper half of the gtemo-mastoid, the ma^n 
of the trapezius, and some muscles of the face. In order 
static electricity may affect the muscles generally, especiallj 
when they are covered by an abundance of cellular tissue, it would 
be necessary to employ a high tension by means of a Leyden jar. 
But the resulting shock, whictf would jjossibly extend to tha 
nervous centres, would render such an operation dan<;erou8 or 
impracticable. 

The knowledge of the local organic changes produced by tlit 
discharge of a Leyden jar eniibles us bett-.T to appreciate the themf 
peutic action. It has been already shewn that aa organ «o e]ei>> 
trifled only undergoes excitation after having suffered, for atuns 
time, from all the effects of torpor. It is easy to conceive that il 
any organ were exposed to disiharges too fret^uent or too powerfi^ 
or if its vitality were already depressed, the stage of electric torpor 
might be indefinitely prolonged. 

However favourable may be the conditions under which it 11 
attempted to practise muscular electrization by the Leyden jar, % 
will always be imprudent to expose the imtient to many discfasrgM 
iience it would be impossible to electrify all the muscles in cases 
paralysis of one or more of the limbs. 

Moreover, the operation is always painful ; since the cutaoeoa 
excitation inseparable from the use of static electricity increoaea ^ 
proportion to the increase of tension. 

It appears, then, on the whole, that the excitation of muscles I15 
static electricity ought generally to be excluded from practice, anj 
the more so since it may be replaced by another electric agei^ 
^v!lich will hi' described iu the third section {induced electrici^) 
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and wliich excites mascnlar contractility and sensibility in a more 
eoei^etic and eSectnal niuiitier limn the former, mtliont any of 
the inconveniences that I liave dt'scribed, I purpose to puint out 
IB the sequel the cases in which its employment will be ust-fui or 



It is, howcTer, incontestable that Btatic electricity, which for 
many years was used exclnsively in medical practice, has wrought 
some cures seemingly marvellous. These results shew only that 
certain paralyses are alwa>-3 cured by electricity, in whatever form 
and manner it may be employed. Ualbrtnnatcly, these cases have 
been so rare that this mode of using electricity has not borne the 
test of time, and haa been many times laid aside by physiciLins 
after having been taken up with some degree of enthusiasm. 

[Friction electricitv ig used eomewlmt lai^lj at the National Hospital 
for the I*amlysod and Epileptic It has been funud in the practice of this 
Iloeiiilal, Biiil in private cases coming under my own observation, of con«der- 
able valno in thd treatwL'nt of the fbUowing affections : — 

(a) I'arial Seumli/ia, which has resisted other miMlM of tittttment, is 
occaeionollf relieved with rapidity, and pcmianeDlly, by drawing sparkB 
along the tracks of tbo affected branch er branches of the trifacial nerve. 
Occstdoually also, bnt less commonly, electrization by eparka has partially or 
altogether rclieveid obslosate tcMtica. 

(6) Fadai Spatm. — A remarkable instance of the effect of electrizatioD by 
spaiKB in relieving facial spasm (tic conruUif) oiM^nrred in the caen of a 
hospital patient under the care of ifr. Radchte. The patient was a female 
fart<r-«ignt years of age, and she had enfiered for thirteen years from spasm of 
the moficles of the left side of the iace. The distortion produced by the 
Fposm was very great, and was apt to be no much exaggerated by slight 
emotion, even such as would bo caused by having to address a stronger, na to 
make speaking difficult, and to prevent proper attention to her occupation as 
a small shopkeeper. Dr. lUdclifle directed an experimental trial of electriza- 
tion by sparks along die lines of the nerves distributed to the affected 
mnsdcs. Afler the third auplication the spasm was manifestly relieved, the 
distortion being diminisheo, and the consecutive paroxysms occurring leea 
(requenUy. By persisting with this treatment thrice weekly over a period of 
two months so great an amount of relief was obtained that little distortion 
of the face remained, and the patient was able to pursue her business with 
comfort. 

(c) Uytterioxl J;i/i on to.— Electrization by sparks over the larynx has 
prQved in the practice of the hospital to effective in the relief of cases of 
emotional aphonia, even those of long standing, that it is now almost 
invariably need in the treatment of these cases before having reconrse to 
induced electricity. In six or seven recent cases, electrization hy sparks 
repeated twice or thrice effected a complete cm^. One of these cases was of 
nine, another of six moutlis' duration. The remainder hod lasted &om fonr 
weeks to three months. The seventh case did not receive any benefit Iroiu 
tli« use of static electricity, and the other forms of the agent prove<l equally 
ineffective. Tlie case recovered slowly under general treatment. 

(•I) fli/nferical h>/]-rnTtlhtiia.—Electnza,^aD- by Sparks over the affected 
spot has oflen proved of great benefit in removing the locah'zed excessive 
sensitiveness not iinfrequently found in hysterical cases, particularly in the 
B|snal region. 

(r) Trimor, whether general or local, is soroetimes largely relieved hy 
insulating the patient, and chiirpinp him with positive eli*tricity for a 
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period of from twenty tnmntcs to lialf an hour. For tin cxaiDiaatiaa of U 
" I ioBncnev of friction eleolricity in the treatment of poinfiil i 
'^ sSiHtionN fnnsult Dr. RadcUffe a ' Lectaree on Epileptic, Spa 
c, and Paralytic Disorders of the Nervoua Sjetevt.'—fl. 7".] 



pabt n. 

CONTACT ELECTBICITT (GALVANISM), 

The term dynamic electricity, that is to say, electricity in mol 
has been used to denote the electricity produced by < 
(galvanism), and the electricity caused by iiiduction. This fon 
obtained From voltaic piles, or from au electro-magnetic apparato 
posscBses physiological and tberapeutical properties essentiaUJI 
different from tlioso of static electricitv- 

The most important property of dynamic electricity, re(3:arded 
from a physiologiLol or therapeutical point of view, ie that by 
which its action can he directed to, and limited within, almost any 
organ of the body. It is shown, indeed, by my experimeuta, t' 
we may at pleasure confine this agent to the skin, or may ranse iS 
to penetrate the akin, without puncture or incision, and may lim" 
its action to the subjacent organs, the nerves, the muscles, or eve! 
the bones. Of this I shall give eriilence in the sequel, 

The cutaneous sensation produced by dynamic electricity n 
range from a simple titillation to the most acute pain. The excl 
tation thus produced may always, by the use of special met 
be confined entirely to the skin, whatever be the power of i 
current. 

The same electro-dynamic force, directed upon a musd^ t 
upon a nerve-truuk, has power to produce the most i 
muscular contraction, without any of the general shock that chara 
terises the action of static electricity, and that usually forbids il 
employment. 

Such are the principal effects to be obtained from dynamic ele 
tricity, which includes contact electricity (ffoivanism) aud induce 
eleotrioity. 

But each of these forma of dynamic electricity possesses 8p« 
properties, physical, chemical, and i)hY8iol(^cal, such as to previ 
them from being employed indifferently in practice. These speciaj 
properties may even fulfil certain determinate indications, and th^ 
therefore require to be separately considered. 

5 I. — Physiolog-kal Properties. 
Quantity and tension being ei^ual. every form of electro-mo( 
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apparatns of otmtact has the same ph\-siol<^cal properties. wh«t- 
Btei may be tbe nature of the eleiuents composing it* 

The apparatns can be constructed so as to fomish electricitT in 
greater qttantily, or of higher tension, accoiding to the effects that 
it ia desired to obtain ; bat whatever is done, the different effects 
are prodnced simultaneonsly. and cannot he compMely isolated 
from one another. 

The intermittent galvanic current eierts a triple physiological 
action at each intermission ; one at the moment of completing the 
oarrent, a second at the moment of breaking it. a third during 
tbe interval between these acta The physiologrcal action produced 
at the instant of interrupting the circuit is weaker than that at the 
instant of completing it. Thus, with a pile of thirty pairs of Bun- 
sen's elements, muscular contriwlion is not produced, in the human 
subject, by interrupting the current ; even when moist rheoj-hores 
are applied over a portion of skin corresponding to the surface of a 
muscle : but by the same procedure, the electro-physiological effect 
is very manifest at the completion of the current. The power of 
tlie intemiption increases, however, in proportion to the number 
of elements in the battery. It appears to me that a Bunsens 
pile of 120 pairs produces at the moment of interruption a con- 
traction about equal to that produced by a pile of twenty pairs 
' at the moment of completion. 

The physiological action produced in the period between the 
completion and the interruption of the current is more manifest 
the longer this period is prolonged. The current passing during th« 
period is called continuous. 

Galvanic electricity can be applied either by continuous or by 
interrupted currents. 

The continnous current, limited to the skin, excites, besides the 
phennmena of sensibility above described, an organic effect more 
or less considerable, from a simple erythema to the production of 
an eschar. This organic effect, due to the calorific and electro- 
lytic action of galvanism, is produced but gradually ; at least if the 
battery employed be not very powerful. 

A constant and very iutense continuous current, traversing a 
limb longitudinally, appears only to produce fibrillar and oscillatory 
or irregular contractions ; — provided that the current was feeble at 
tbe momeut of its completiou. and was then rapidly raised to it^ 
maximum. Such, at least, was the result of a trial made upon my- 
self with a pile of 120 pairs of Bunsen's elements. The continuous 
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nrrcnt altiu ]in)diicies |ilieDomonA of raloriGcatioa iu Uw i 
irtA of tlie iirgimJAin. The HHtUHlion that I f>JC|ierieDCvd * 
iiiglit hti jtroflui-cd by tlie rircalatioD nf a hot fluii) tn tl 
llraiiizix]. Afu-T a certain time, a il<>f]i ntnliiiuom rarr 
[nc«s u ttetiHiLti')!) or lif^at timt Itei-omeB iu9U]>j>i>rtulil(i; but 1 
lot fouud tbat tlie limb in actually mixed in tempemtun.^ 



* When I flnrt rMnrdnl tltii cxp- ritncnt. 
ici ti.i- 1 iTi,r lit not ifntcribing 
■ I .-h it «u pprfumuNi ; 

! I u> innit' (Abodjfll- 
. I nr<w dcUll Uic 



IM,„ 



• : lit lliU Inslllulfl of 
!:l ut thn SorUinne hU 
bMOtUiil NMUciio* Into IliA iiim|>ltclty 
of tba «lomt'iiUr7 bodiM, 1 runnil in l<t» 
lftbonttt7»Bun>«&'B pilvof 120 cliiiicnU 
of tba onUniU7 «U«. Miit with tlii' (vrlHiii 
in tliB mirldle. It wu witli th» pile lliat 
I warkixl. It !> jinibiilile tImt it oi) longer 
pontMWK) its full power ; tiaoe it bid bom 
k limg time in tH-tion, nnd hail Inen uml 
for QunMVutuuiwrimcDli. Still ita power 
Wa* lacti tbst, ou gmaiiing in cneh linnd 
» metalllo rtuophurc. i^iiKerpd with laithoi 
thoroaghlj ««ttcil. I round it difficult 
to tupjnrt tho' nhock ainBed by the 
eoo^lL-tion if a durrrot of from forty to 
Stlj elemmta. In ordvr not tn expnm 
mjnlf to Uu: shock nt tlie netlon of 12(1 
tdetnentL I opposod to the pnnsngo of the 
• Murent the ruiisfaince uf a ooIuidd nT iliit- 
L Mlod wnti'r, ten ct'ntitnetntt in lenxth, bv 
Kidftdng in tbe (^truiiit a tube flik-d wilL 
Eihe wttor : tucb ns wilt be dinvribed herc- 
■«fter lOb'ip. IV.) undnr tlie nnmo "t » 
■ JBod.'ratiiig tube. After liuving mooived 
■Ihe »liook of til'- rannplition of the current, 
■Mich WM tUUH grcatljr wcnkeni'd, I 
prgmduaUy inprfuicd iM power, by diioi- 
I Blsbing tbe dislaneo thnt it hitd to paea 
throogb WBter, until the oonlinnoui cur- 
rent nBchixl uu in iU full force. I wu 
aarprised tu Bnd that I could boor this 
ooirsiit long titioa);h to efleet Ibe ex- 
t uf whloh I bnvu recorded the 
Uj skin reiTiniupd iiiiohDugod. 
Gams my hftiids and- tbe rheoiiJioroa 
^_ »» (tody wetted, because tbe epulonnls 
r« tbo pnlm of Ihe bund ia Ihifb, - ' 



T ntmnitua. I wu ■ 



• Hbnrlly (oua oT W 
wiulvidiint in two c 




electnalm; ^> 
eoniiiiiinnK < i 
mlnutva. I ' ■ 



.iu'wliiit iiiinful .tifHina^ ii 
■c>;;ii.ii-, ltd me to infer tki 
' u diiitiiiued Biuara, kltliongli 
I cwuld ni>t provi' tins by tile inoTemeott 
of tlie thumb >ind flii^'rs. The openlka 
wus followed by .i ruFling of fatigue in |lw 
unofi. On tlie <lu<f following, tliB him 
el peri man t, perlormed in tbe same mMH 
ner and uiuii-r nimiliir ronditiona, yielded 
HU Hlmo«t id.-ntu'jil r.'siilt. The reeUng 
of fatigue that I expericneinl in the an- 
t4-rinr regions of tlie fureiinna nnd uruu, 
if not exactly painful wiw at leant Tory 
uiioonirortabli!. I bave ri-pf.it.;J (ho ex- 
periment viryoflen upon niysi'lf, nnd olao 
upon other persons ; and I linre always 
oWrvml, diirini; ihe piiewige of the oon- 
tinuouB current, icunftimps the fibrillar 
ooutrnotions, aunietiniva only tba swum- 
tion of sllffneu in tbe muscles uf the 
forearm, nr of the tinn, but iu un irregular 
aimlbir trial made with the 



I hBTe Bonictimm wer _ 

Eiich experiment eoiumooly 

lastwi fh}in ten to twenty minutes, (i 

sbuU return to this sabjeel in tbe third 

phapl«r.) 

I ought b> add Ihnt, in all my experi- 



<liiniiUBhiDg tlie uumber of [Kurs of eU'menU, the phenomena abova 
described diminish; and, nhen there are only fifteen or twenty 
t-on^tlfs, tliey become at last inappreciable. 

Is the oontinuons curront really an hypostlieoisant of uerrous 
force ? If we may apply to mankind the results obtained by viri- 
section, the reply should h>: in the aQimiative. We know, iu fact, 
that a continuons enrreitt, pas^d for a certain time through the 
nerves or tlie limbs of u:i animal, not only diminishes tie motor 
power, bnt eveu produces pamlysis, I shall shew in the sequel, by 
the results of experiments, that this kind of hypostheuisant action 
is not appreciable in man. (See Chap. HI.) With regard to the 
action of the continuous current upon eensatJou, although a^er a 
certain time it produces numbness of the Umb through which it 
posses, I do not believe that it can be considered as an hypoe- 
tbenisant of the nervous system, or, in other words, as an 
aniesthetic. 

The sensibility of the skin appears to me to be more acutely 
excit«d by a galvanic current of rapid intermission than by a 
continuous current: although the opposite holds good for their 
organic action. Thus the continuous current produces a more 
rapid erythema, vesication, or destruction of the akin. The erection 
of the nervous papillie, and tlie disorganization of the tissnes, 
should be ascribed to the action of the continuous current ; and 
are effects to which the periods of completion and of interruption 
contribute but very feebly. It is for this reason, doubtless, that 
the rapidly intermittent current disorganizes the skin much leas 
than the continuous current. But, inasmnch as it is impossible 
to avoid the continuous action that takes place between the com- 
mencement and conclusion of each intemiittence, so it is impoesible 
to excite the ^kin galvanically without the production of more 
or less organic change. The calorific action of the negative (zinc) 
ptde is greater than that of the positive (copper or carbon pole).' 

Of all the varieties of electricity, it is the galvanic that acts most 
powerfully upon the retina, when applied to the face by means of 
moist rheophores. A galvanic current tlirecte<l upon the nerves 
of tlie fifth pair, or even upon their ultimate ramifications, eserta 
a special action upon the retina ; producing three luminous sensa- 



^^H^lka dda of the back of Uie hands or impartunce of thia point.) Liatlj theaen- 

^fHBramwtiTel?. Tbeic senHatiraii pro- nbtlit; wa» iJ«Hf> mrut >ir<ingly eidted 

^^^fhiteljr incmstd. kihI «ete soon re- in the part or limb that w>ut placed in 

HHlMb; one Bn&kgoiu tothkl prodnce4 connection with the De),'aliT<.' pole. 

^■i^tteaotiini of ■ Btroo^eirupism. There ' It has long been bnnwn thnt the 

I WM, bowercr, no Teucmtioii. UTen BlthoDgb other olieraicml (electroljtio) and phj- 

IhEPUrrRnt <nu nrntinmid for half nn hour, einlugical pbt-nomenB are more proDonnoed 

(I shall nJer her««fter In the piBotipal "t the rinp pole. 
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Horn (fie^tteiut) at t^b intermisioii. These seimtMni 
tbe fiist aoil taoA powerfbl, at th<> completioR of the cirenit 
•eeond. much ^em pcmerfal. at ita interrnption ; uA tbe third, ao 
feeble w only to be peroeptible in th« dark, in ibe intrrrftl between 
the two fomier. To whateYer point of the face, or hairy scalp, the 
Mioiat g&Iranic rbeopliorea are applied, thev always produce a snr- 
cearioD of InmiRous sensations of a rery diizzling kind, eren with 
an extremely weak corrent — provided that the region excited is 
nppUMj hy the fifth pair. The luminous sensation only afferts 
tbe retina on the same side as the galvanic excitation ; and it be- 
conies larg^ and more brilliant a» tbe exciters are bronght ueArer 
to tiuj inefiiaii line. Lastly, the light is perceived on eadi sicJe. 
when the f^lranic exciters are placed on tbe median line, where 
theramifi'.utionflof the fifth pair of each sidf appear to be Mended 
together. We may even prod ace the electric phos|>hene by 
galvanizing tbe chorda tympaui; but I have not been able to 
do this with induced electricity. (I shall retnm to this subjei^t 
at a convenient opportunity.) The knowledge of this special 
property of galvanism, which is only found in a degree infiiiitely 
leM developed in other kinds of electricity, is of the highest 
importance in medicine, ae tbe sequel will shew. 

It 18, htjwever, on tbe contractility of muscle that the inteV 
mittcnt galvanic current displays a pbysiolc^'cal power iiifin)tel)f^ 
greater than the continuous current. 

Tlio galvanization of muscle by intermissions excites more acnttf 
sentuitioiw than the electrization by induced currents. 

What is the action of continuous mrrent^ upon the vascnlu 
nerves? 1 shall rutum to this important question in the thirdl 
chapter, which is devoted to n critical examination of the difi««i)t: 
roethodj of electriiiation, and in which, after having tested 
paratively the therapeutical action of continuous currents in Uui 
treatment of atrophic paralysic and of atrophy, I shall have to 
iutjuire whether the beneficial results obtained by the dififerent 
kiudR of elefitricity can be explained on physiological gronndsj; 
or, in other words, whether we have any accurate knowledge td 
their oetion upon the circulation and upon the vaspular or trophiQ 




j ll.—TJJmrapeutical Properties. 
The galvanic excitation, which, when confined to tbe skin, mi^ 
produce tliero, Iwsideg very acute sensation, a considerable organio 
effect, such oa erythema, or vesication, or even an eschar, fulfils 
ccrtnin sjic^cial indications. It is adapted, for example, to tli 
cuseH in which it is desired to obtain at once an acute immedial 
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I actioQ and a durable effect, analogous to that of the inoxa, or 

of cauterization by hot iron. 

M. Mattent'i,' drawing therapoutic deductions from hia vivisec- 
tions, has advised the employment of a continuous ascending 
current in tetanus, as an hy{)osthenisant of the nervous system. He 
I says it ia natural to suppose that the passage of a continuous cur- 

I rent along a tetanized limb would destroy that state by producing 

' paralysis. In support of his theory, this celebrated physicist cites 

I a case in which tetanus was cured by the influence of the con- 

tinuous current. The fact is important; but it requires to be 
I confirmed by further experience. He has also endeavoured to 

I establish, on electro-physiological data, a method of galvanization 

by continuous currents, for the treatment of paralyses of sensation 
and of motion. I purpose to examine the value of these electro- 
therapeutic deductions in the third cliapter, which is devoted to a 
critical notice of the different methods of electrization. 

The galvanization of muscles by intermittent euiTents may 

certainty be employed with advantage in the treatment of paralyses 

. of movement, and of muscular atrophy ; but the inconveniences 

inlierent in this method of electrization (its calorific action and the 

' size and unwieldiiiess of the necessary apparatus) render the 

method by induction generally preferable. 
I The chemical properties of electricity by contact may be advan- 

tageously applied in therapeutics. We know, for instance, how 
happily they have been utilized by surgeons for the coagulation of 
the bloud within aneurismal sacs.' 

What is the thcrapentic value of continuous currents in atrophy 
and atrophic paralysis? I shall return to this question in the 
third chapter. 

Galvanization of the sHn is not applicable to the treatment of 
cutaneous ansesthesia, because it produces vesications and eschars. 
But the calorific action of galvanism may sometimes be employed 

Njnth benelit in surgery, in the destruction of certain tumours, and 
M,j^ oauterizatioD of wounds, either used as an actual cautery in 
■ TtaiU det P\atomi«a Eltetra-Phy- moch aa poBsiblc, 
nelogiq<iei iJM Jnimaiur. PorU, 1811. The positive pole of the pile eicru u 

* AlttioughtLuapplicatiouof gslvaiiie eoagulaliag airtion: while the npj^.ttivi? 
eteetririty to the treatuenl of imeuTitiilu polf, on the culitrar;, acta na h eulTeiit. 
luu been for amau lime abandooed, it is The idea ban been entertained of upplj-in;; 
not impuieible t^t it may ooe day be XhU epteia\ propeity of the potdtiTe pule 
iBfiroi with some mtaxaa. I Ihink it to the treotment of oerlain Bbro-iilantiir 
will flrst be ntoeesftry to examine what iepneiu nhich form between the lamiiiu 
eondttioDii of aie of naifMe and nnrnber of the cornea. The first atlemptg of thin 
nf eknKntB ahould be cumbine-l, in order kind apiiGur to bare btwn cnwtitd with 
to obtain conaiderable elfstmljtic action, aueee**. 
while the cnloh&fi nstiun is mnsked as 
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tlie manner of Midduldorf, or to proJiice flectrolysie, as by ] 
N^Iaton and Cmiiii<--lli.' 

By reason o!' ite power to excite the retina, galvuniam Bhouldj 
be applied to the face with great cireumsppction. The lummoui 
sensation produced by it is so dazzling tbat it may injure the s;,^ 
if the application is too prolonged, the intermissions too rapid, o 
the current too intense. The following case is an example: — 

Que 1— For about a month I hud electrified a patient, suffering < 
paralyeiB of the mnscles of one Hide of the face, witli my eleotro-dfUi 
apparatus (an induction apparatus with battery). Improvement vnffl 



' It WM in FnnDe tlut the calnrifiu Iben, t 
Hoa of gBlTanisni was flnt empbynl ni ' ' 



sof 



. . of toeininrannd papeiB to the Academy ^. 

. .. . ttfCBmiur and Sciences, in which he firet culled tWj 
ittcmptcd tu dobtmy method the eleotmlytic treatment. Tba' 
Acsdeuiy,wheaBuliciledl<iiaBkkeiiiepa ' 

"&« 

Ihciu. do not necm sufDCMOtm 



eaueeni of the ni-dc of the utcrui hy 

galvanic current In 1S60 U. NiHaton deelued'thut "tbeee 

also mode Mine very felicitous applioatious Ihe opimmi of the 

of the calorific properties of galvar' — ' — '' 

snd woe ably M»>nded I 

Regnauld, then chief phyi 

ciinique, who contiired a j^vanic battery 

of Kioall size, eoey applitation. sod great 

heating power (Gm. da ilUpilaia, 1S52). 

U. Nflaton thought that this method of 

cauterization might be employed with t destniotioD of 

advantago in cases where the diataeed [ «oUi recalled altentii 

part was deeply ajtiiated — as in the ' of Craael upon the tleclrolytio ,_ ,,. 

pliaryni, for example. After him U. ' poeing propertii^ of (galvanism esnppliedi 



Julea I dcTeloped lo allow of a Judgment b 
- hia j formed upon (he method." The imitJi'J 
oblivion; and the autbm hiniM« '1 
and great ; abiuidoned the practice in order to retiu 
•■""• ' the gHlTanic eautery, for whidi be hi 
auhatituted a hydrogen flame for U 
■-'■'- ' In 1860, C 



Alph, Amuflsiit, and in Germany. Dr. [ 
Middeldorf, of Breslau, have employed, \ 
in analogous csBCS, the (suterizmg power 
nf galTBiiic currents, with no less tiucceRs , 
than M. NcTaton. 



the destruction of morbid growttis, w 



to the Surgical Society of Paris, i ._ 
which I have taken the IbUovring exliaot :;l 
■' My first attempts at electro-jiunotuj 



results to the deetmetion i 

tumourg. Humphry Davy, in 1807, v _ _ . 

tlie fiist to show the power of elec- oImi, even bequcntly, when there t« ■ 
tricity to produce decomposition of the ' appreciable elevation of the tempB ' 
body, by means of the following eiperi- ' of the conductors," In " 
meat. He subjected a morsel of muscular \ in a new work, provri 



ttbre t 



the action of a pile of 150 pairs changes product by electric currsntB u 



trolysis ii 



dried rapidly : and, when incinerated, 
left no trace of saline residoe. "' 

potaB!j,aoda. and anuuouia had gone ___. __ 

to the negative pole ; the thri^ mineral j rendu* de I'a 
acids and the phosphoric acid to the published a 
peeitiTe polo. Davy obtained similar the dcslniction 
results bj subjecting to the action of Ihe i polypi 

baiter; living bodies and the leaves of] neal l, . 

plants. Matteuci lias also shewn the i and will only 
action of the pile upon living animal ployed e 
aubstaoccB, In the writings of Ousel I of from 
we find the fundamental principles of ' ■" " " 
the electrotytic method. In 1811 lie ; 
published hia first work, — {Sur le gal- 
vaaume comnw mosm atratif ehimiqtie ' 
eonlrf In mnUtdie* loaUee), and sinoe 



the tirst to popularue el 
France. — (NelatDu, Cbm 

■ ■ ■ ~ ■ .IBM). : 



by the pUrtn 

lot factlier couti 

idd «.«' 



Nclalon a Bunscn'i, bnl 
elements, eai'h mteen ei'i 
height hy eight in width, i 
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);ra(1ual]f produced. The exdtere were applied dnily to tlic paml^zed 
muscles without iaconTenieiiCQ, nlthoogh the apparatus was of congideniblc 
power. The sipht vae never in any way affected; and the patient never 
jiercoiTod any luminous appearance durinR the operation. One day. the 
inrentor of a new galvanic apparalue applied to me to mahe trial of his 
inacliine. Not lieing then aware of any faels that shewed the necessity for 
eantion, I directed the current of this machine, at its wealteet, npon the 
paralysed muecles, which contracted, bnt much le!<H Ktrongly tlian they 
ordiuflrily did uuder the use of the inductiun apparatus. At the xame 
moment the patient saw a contdderable tight in the eye of the corresponding 
Bide. Ho called out, "Tour room seems all on lire!" He hegRHl of me 
that I wonid desist from making the application. On recovering from the 
dazzling he complained of much obscuration of the eight ; and could not see 
townrda the side on which the gnlvoniBm bad been applied. Tlie other eye 
did not suffer. I ordered him au immediate footbath, and a blood-letting on 
his return home. The sight did not improve ; and. notwithstanding the use 
of various stimulants and of an appropriate treatment, only very slight 
amendment was obtained. 

It is lo this accident that I owe the discovery of an action of 
galvftoism oa the retina, far more powerful than that of induced 
electricity : a discovery which led me, in its turn, to reeearehes 
into the different properties of the various kinds of electricity 
with regard lo the production of phoapheues. 

This unfortunale circumstance, not jtoseible to have been fore- 
seen, ought not to be lost to science. It furnishes therapeutic 
applications that are of great importance to the sick ; shewing that 
induced electricity, furnished by an electro-dynamic apparatus 
even of great |>ower, has no sensible action upon the retina, while 
galvanism, even in a very feeble dose, energetically infltienees that 
organ. It is therefore legitimate to hoiie that the judicious 
employment of the electricity of contact may produce therapeutic 
effects that will be useful in the purely nervous afTections of the 
eye. Such exjectationa have been confirmed by experience. 

To sum uji — 1. Galvanic electricity acts strongly Ujwn tJje 
retina, when the excitation is directed upon parts in whicli the 
fifth nerve ramifies. 2. This kind of electricity may be au useful 
therapeutic agent in purely dynamic aOections of the sight 3. 
On the contrary. indu<'ed electricity, yielded by an electroKlynamic 
apparatus, acta very feebly upon the retina. 4. But, for tlte 
reason that induced electricity is InsufHcient when it is necessary 
to stimulate the retina, it is exclusively adapted for the cases in 
which it is wished to stimulate the facial muscles, without exposing 
the retina itself to the perils of over-stimulation. 
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Part III. 



INDDOED ELECTRICITY. 

llthongb it forms no part of my present plan to explain the 
principles that govern the development of induced currents (prin- 



i*Ht imm. sjwfopn mH^^vw 
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oiples that mfiy be found in any treatise upon physice), I think j 
iieceBsary to state certain general consitierations, whifli roust % 
kopt in mind by all wlio use this kind of electricity in electr( 
pliysinlogical experiments, or in the science or practice of medtciii( 
Addreasing myself to a medical public, generally but litt 
coQveruint witb the technicalities of treatises on physics, 1 sfaall 
avoid the use of these technicalities; and, in order to be intel- 
lia;ible to all readers, shall express myself as much as possible iB 
ordinary terms. 

The different forme of indnctiou apparatus derive their forc^ j 
is well known, either from a galvanic pile, or from an artifit 
magnet The former are called eleetro-dynamic, the latter e' 
magnetic instrnments. Both are composed of a wire of coppt 
covered with silk, of variable length and thickne5.i, rolled in tigti 
spirals so as to form a coil, in the centre of which is placed e " 
a bar of soft iron or a magnet. In most of the electro-dyni 
instruments a second copper wire, finer and longer than the &n 
is rolled around it so as to form a second coil. The ordioi 
electro-magnetic apparatus has only a single wire, rolled aroDi 
an electro-magnet, or around each arm of a mugnet. 

It is also well known that, to obtain the action of an el« 
dynamic instmaiint with two coils, we complele the commimici 
tion between the extremilies of a cii-cnit formed by an electro-mote 
and by the wire rolled round the central bar of soft iron (the wira * 
of the primary coil). At the instant when this circuit is completed, 
a change is wrought in the electric state of the wire, and also of 
the soft iron — which latter becomes for the time a magnet If tlie _ 
circuit be opened, a new electric and magnetic change is produoc 
the natural electricity of the wire returns to its normal state, a 
the iron loses its magnetism. It is only at tlie moments \ 
these changes are produced that the phenomena nf induction a 
manifested in the primary coil, by tlie material influence of t 
spirals and of the temporary magnet upon the spirals themselvei 
80 that no electro-physiological phenomena are observed in tj 
intervals. (The current produced under these conditions is oall^ 
the eaira current). If we place in the circuit a living contr&c ^ 
organ, the muscle of a frog for example, at the moment when the 
circuit is completed the muscle contracts, and then returns to its 
stat« of repose. If, then, the circuit be re-opened the muscle again 
contracts, but this contraction is much less energetic than the J 
former. The same electro-physiological phenomena are prodnced4 
by the current proceeding from the wire rolleil around the first I 
one, and induced by it. And if, in jiluce of a muscle, we put A*] 
galvanometer in the circuit of wire, we see the needle deviate a 
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every completion and interrnptiou of tbe current, lint in opjxieite 
directioDK for tbe two. 

The current that is instantaneously developed in tlie second coil, 
at the moment when tbe circnit formed by tbe first coil and the 
battery is completed, pursnes an opposite direction to that of 
the oorreut of the battery. It is, doubtless, for this reason that it 
has been termed the negative or inverse induced current. On the 
contrary, the current induced in the second coil, at the moment 
when the cireuit of the first coil is interrupted, travels in the same 
direction as that of the generalor cnrrent, and is called tbe jwsitive 
or direct induced current. Lastly, it may be shown that the 
tension of the induced is infinitely greater tliau that of the extra 
current. It therefore follows that the identity of the two currents 
is not perfect; and I shall hereafter show. px[>e rim pu tally and by 
clinical observation, that the two currents differ essentially as 
regards their physiological notion. 

I have stated that the circuit developed in the first wire has 
been called by authors tbe extra or inductive current ; and 
that of the second or superimposed wire the induced current of 
the first bind. I myself formerly called them the current of tbe 
first and of the second kind. I now discard these appellations, 
in order not to introduce confusion into scientific nomenclature, 
and because the new terms that I propose are most in accordance 
with reason and physiology. For the future I shall not employ 
the expressions formerly used to denote the different currents, 
because these expressions are liable to be misinterpreted by the 
generality of practitioners, who are not familiar with the history 
of the ancient nomenclature, I shall speak of the extra current 
as the ciurent of the first coil ; and of the current of the first kin'l, 
of autliors, as the current of the second coil. I hope that these 
names, perfectly intelligible to everybody and not opposed to any 
hypothesis, will be generally accepted by tbe profession.' 

' The eiperimeoiUl reacarches thftt 1 felt, howevpr, thai I vaa juatiflwl in fln 

Eublishnl mme yeai» ago, and of which endesTour to eiprest in the cleare*t 

may tay that tluv Dxartneu has nerer numocr the cnrrcDt with which we are 

bt«D diipukd. although the facte have nnn mnc^rned. Perhapa I ought to ex- 

bcai irannUEly iDterplvted, hare ahown jilaia im what the genenl nnmenrlatare 

in an incontestable numnei' that the two of iodncrd cnrreaU U roanded. 

indurtioa concnti poaww each their That han happened with regard to the 

speci«] qnalilin, depending not onlv cuireDtii of iDiloced elcctricitj. which 

npra the length and thicknpaa of the mrnmonlj hufipena with regard lo man; 

wire,bntalsonpon the mode of induction, other matlera; the nonintclattirc of Ito 

tt waa therefore aecaaaty Ut denote the mbjc^t haa himi bailt up giadnalljr, in 

two cottenla by term* perfcvtli dcnr nnd aoconlBiice with the iprowth of ■ounoe. 

pKciae: for which pntpHS it 'was neeet- Tbe Snt diteomr of Fandajr was oinpijr 

nrjr to modi^ the ?iixtiiig nomenrlatuie: that a fine metallic thnsd. itUM nmtnd 

a proceeding that ahonld neier be at- another thread that wa» ttmnr^ hj a 

lempleit withont abaolale Becewil}'. I eurrent. brnunc itarlf the Wat of as 

o 2 
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Let lis HOW exnmJDe what occure when an el«:tro-nia£ 
apparalns is put in netion, A bar of soft iron is placed at a aboi 
distance from the polea of a ina;riiet, in Burli a niaiiuor that it majr'l 
alternately approach and rei-etlo from tliein liy a rotatory move-'l 
nient. Wo place tlio soft iron at liret crossways vtilh the mapie^f 
and complete the cirfuit of nietnilic tliread, rolled cithrr round t" 
soft iron (as in the instruments of Pixti or of Clark) or round] 
the magnet (aa in the instruments of Dujardin or of Breton) bjg 
placing between its free extremities either a galvanoniel^ i 
the livin™ muscle of a frog. It uow we romraunicate a moTemei 
of rotation to the soft iron, so as to bj-ing it opponile the poles 



current, >t the mnment 
when Uie circuit formed b; the iaixer 
thread WM either iutemigilnl or com- 
plottid. Bonce the t<i|irt»ijinii " the in- 
^unai current." that of the Qoe threiul ; 
ftnrl "the indattive curreut" thut pio- 
oeeiUlig ^m the batter;. But it was 
discovered, after a time, tliut tlie spirak 
of the inductive wire ueUid oue upon 
B&other, 90 aa b> produce alw a BiHvinl 
inilucud current at the moment of opeuing 
and of cloning the eiicujt. Thin s{iecial 
onrrent, diHtinct from that produced bir 
the Iwltery, but produced in the name 
wire, woa called the t-itra current. It 
was nest ascertained that separate helieee 
Buperimpoeed D|iini the primary spiral 
traversed bf the current from the bat- 
tory, induood currenlg one on anotfaer; 
oecoaioniDg a sucoemion of aucondai; 
induced currfula. It became neceasajy 
to distinguish these by names, M.H. 
Ueni; ( PriumtoD), Beuquerel, Ahria, De 
la Bive,* Pouillet, and others, used the 
terms onrteDts of Uie ssconri onler, of the 
third, fimrlh, and fifth orders and so on, 
for the ciirrcntii induijod in the swond, 
third, fourth, and fifth helices. And, by 
a singular contradiction, they retained 
the term acini airretit, for the current 
induced in the find helix : and they 
railed the inductive current, or current of 
the battery, the cnrreot of the firri ordrr. 
ITiey knen, however, that the aj'tni itir- 
rcnf. produced, as has been said, by the 
action or the inductive current upon its 
ova spiral, beluLvtnl In nil respects like 
the other induced currents, with which 
it ought to be classed. I have thought it 
most reasonable to call (bis eiira current, 
the fint current induced, the iniuad cut- 
rent a/ lAej!rs(ord«r, after the principle of 
nomenclature eelablisbed by the physicists 
above cited. In my elei^tra^ynamie and 
electro-magnetic instruments, in which 



the two thrrads occupy the ploo 

first and Hwoud apiraJH, or i 

helices, mentioned above, w. 

indiuvd currents nf the first and of ti 
second oidtrr. 

This t>rtef historical retmspcet « 
the insutHciency or confnsion of Oxb B 
mcnclature hitherto emjiloyed. Forlfe 
not foniiliar with a certain convsntia 
laugimge (und few practitioners an tl 
familiar), the natncs finat. secood, t 
Ihinl order wriuld indicate cnrrenti of tl 
I Home hind, but clowied according to thcdr 
I distiuetive clurocters or their suiierpoai~ 
tiuu, while tliu uami' (vfni currant wonld 
' Hiniear tn indicate one of another kind. 
I There Is yet another Bourm of eoofnuso 
' in the received nomenclature, in vhfeli 
' some call the current of the battKy Vbu 
I currsnf o/fAr^r^onler, while otbon nil 
it the iadwlivt rurf--Bl, and reserve Um 
name current of thf fint onUr for that of 
the lenind s])tral. Finally, H. de Mnooel 
distinguiiihes the currents of the SrtA two 
helices as tlie primary and the aeooitdaiy 
currents. Which of aU them ia the 
cloAtsical niimenrlatiire? 

In electrodynamic inxtrumenta, inetMd 
of eicludinft. nu to Hi>eok, the current of 
the first helLi fnini the family of indncod 
currents. It will be found. I think, more 
reasonable and more iihil'iAiphic to call 
it the current of the first order ; sinoe 
the other currents sti|n-riiir to It have 
been dintinguished by iilijaicista. accord- 
ing to the superpoi^itiou of the heliom 
traverseil, as [he currents of the second, 
third, fourth, fifth, and aixtU orders. But, 
in onler to avoid any confasion with 
terms already in use, I propose^ in place 
of calling tlie extra current the current 
of the first order, to call it the current of 
the first helix: and to call the cnrmnt 
next superior to it the eiirreul i>r tha 
aeoond helix. 
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iiiji^iiet, the ueedle ilcviateM from the magnetic meridian, 
or the miisele contracts. Presently the needle returns to its 
furmer position, or the mtisple to repose. If a fresh oiovenaent be 
given to the iron, so as to make it once more transverse to the 
poles, a fiesh deviation of tlie giilvanometer needle will take place 
in a direction opposite to the former; or the musele will again 
contract an eneigetiially as at first. 

These phenomena of induction are produced in tlie electro- 
magnetic precisely us in the electro-dynamic iustniments, by virtue 
of a modiUcation wrought in tlie state of the magnet and of its 
soft iron, and in the state of the copper wire rolled round the soft 
or tlie magnet. 

The theoi-y is as follows : — When the soft iron is brought oppo- 
.gtto to the poles of the magnet, the natural electricity of the iron 

decomposed by the" magnet, is attracted to the opposite poles 
and reeomposed. There results a neutralisation of the artilicial 
magnet, and au induced moditication of the electricity of the 
I'opper wire, the spirals of which also act upon one another. When 
the soft iron is withdrawn from the magnet by rotation, the 
magnetic fluid of Ihe magnet regains its liberty and accumulates 
at the poles. The soft iron, the polarisation of which ceusps at the 
i^ame moment, returns to its normal state, and the copper wire 
su-stains a fresh induction. 

If at the moment when these electrical modifications occur we 
interrupt the circuit formed by the wire, the power of induction is 
Tery considerably increased. Nearly all electro-magnetic instni- 
ments are arranged so that these interruptions of the current only 
take place wiien the soft iron anives opposite the poles of the 
magnet. It follows that they producr, by the rotation of the iron, 
one indu'tive action that is very feeble, inappreciable by man, and 
one that is powerful : the first when the iron is transverse to the 
pules of the magnet, the second wiien it is opfiosite to them. 

In Ihe electro-magnetic instruments the interruptions of the 
current are affected by a little Iwbbin (commutator) placed upon 
the axis of the soft iron (armature). The latter is put in move- 
ment by a mechanism of toothed wheels, so that the rotation of 
the iron may be rendered extremely rapid. 

Tills rapi<lity of rotation is essential to the force and even to the 
HCliim of electro-magUL'tic instruments, for the reaj^ns Ibllowing : — 

When the current of an electro-dynamic instrument is inler- 
nipiwl, the induction and magnetization of the soft iron cease 
■bruplly with the cessation of their producing cause; and T 
ige from a great magnetic intensity to zero occtirs suddenly, 
without transition in the central soft iron of the bobbin. 
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With cl«wtro-raagnetic instnitnents it is different. If the mognetid 
rwrront be establiabed by tlio juxtaposition of the soft iron witl^ 
Iba |H»k-fl of (he magneit, the interruption takes plaoe only at tbtffl 
liiotiiDnt wbi'n the iron is tmnsvcrae to the jwlea. If the soft ii 
•tnwlv ih>M'ril>e the ore of a circle in onler to itsflnme this position, 
lh*i msfffetic cnrrent eetabliBbed between the magnot and ihe iK 
will diminiitb gradually nntil il ceases. 

Bot if the iron revolve very rapidly the passage of the curpentl 
trmn its maximum to zero takes place in a time eo short as to be 
lieurly equivalent to a aftdtien interruption, as in the volta-eleetric 
itiatratnents, and to produce a poweriul induction. We should ^^ 
hnni-e imagine that the inductive force of an electro-magnetia 
iwrtmratnt wonld be greater tbe more rapid the rotation of its 
Mift iron. It is found, however, that in these instruments the 
[Niwer dimiDi.-hes when a certain rapidity of intermiesion is e»* 
vninhd ; as happens also in electro-dynamic instruments furnished 
with Masson's wbeel. This phenomenon, which ha.s long perplexed' 
pliysicists, is produced by a mechanical cause, and depends on I 
vice of construction that I will explain hereafter. 

Prior to my resean-hes, the electro-magnetic instmmenta ha*l 
only a single helix. I caused to be constnicted an apparatus of 
double inductioli, in which the two helice.=, superimposed and fixed 
npori a magnet possess, as I will show hereafter, differential pro* 
perties like tbe helices of electro-dynamic instruments with doable 
current. The theory and description will bo given in the fonrth. 
uliapter. 

The foregoing observations not only show that induced elec- 
tricity cannot furnish a continuous current, being esaeutially 
intermittent or instantaneous, but also that each iutermission iS' 
composed of two currents opposite in their direction. It has also 
been shown that the current at the end of each intermission is tha 
only one that exerts a powerful physiological action. Lastly, 
the ordinary clectro-maguetic instrument's liave no action except 
in rapid intermission ; while the electro- dynamic instnimenti 
furnish intermissions either rapid or slow at pleasure. 

§ l.~Diffe>-ent phynohgical action of the current of ihe first hdiee, 
and nf the current oftlw second helix. 
Tlie excitation of tiie skin by induced electricity, however long 
continued and however intense, produces no organic action beyond 
erection of tbe papillre and a little erytliema. . There are personei, 
however, in whom the skin is liable to inflammation under the 
influence of the slightest cause; and in them the current ctf 
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the second helix, which eserta, as we shall see, an electiTe action 
on the cuta&eotis sensibility, may produce an erythema that will 
last for many days. 

In the present state of science, no difference has been established 
physiologically between electricity communicated to organs from 
the induced current of the first or of the second helix. We shall 
see facts, however, which prove incontestably that each of these 
curreula acts physiologically in an especial manner.* In the 
experiments by which they are demonstrated, it is necesisary first 
to equalise the power of each helix by holding a moist rheophore 
in each hand. (It is known that, on thus placing oneself in the 
circuit of an induced current, each intermission communicates to 
the upper extremities a shock that extends to the wrists, the 
elbows, the shoulders, or even the chest, according to the strength 
of the current). 

. — The current of the second helix excites the retina more vividly 
than does that of the first helix, when applied to the face or to the 
eytball by means of nunsi exciiora. 

This special property of the current of the second helix, the 
prodm-tion of stronger luminous sensations than the current of 
the fin^t helix, is infinitely more developed in my electro-magnetic 
apparatus with two spirals * than in my electro-dynamic apparatus. 
Thus the ciurent of the second helix of my clecti-o-magnetic 
apparatus acts jMwerfHlly on the retina, applied to any point of 
the face, even when a very feeble current is employed ; while 
the current cif the second helix of the volta-eleetric instrament 
only produces luminous sensations when comparatively powerful ; 
and even then only when the moist rheophores are placed on the 



' Alirin alone has endeaTooreii to de- 
tirminF Vb,v mmpunitivo jower of phjsio- 
loj^inl Bftion ]xiHsoii««>d bj the aecond, 
third, tourtb. fifth. Hiilh. wid sevpulh 
he)i«» ; Of, in arUioiu-]' Inngusgc, nl tlie 
cnrrcnt of tliH liret, eeoind. third, fourlli, 
fifth, and Hixth order ; but he baa not 
studied the diflerentiol artion or tbe atra 
nrrtHl (current of tbe fir^t helix), and oT 
the current of the flr«t order (currcDt of 
the second helix), the only differcnor that 
it i> tmportsDt to know in practice, since 
thedifferentinl actiant described by Abria 
are quite ioflignifieBnt therapeulicallj. 
I ehoold t»y also that them is no resem- 
bhuce between the rcuearehes of Abria 
and my own. AbriH simply took the 
rheophores in hie bawls to compare the 
different action of induced ciurenta of 
diflin^t orders: uid nheu any current 



gave him more powerTn] ahocfas in the 
Dpper eitremilicij, lie inferred that its 
phyBiologioal power was greater. This 
was all. In my experiments, us we eIioU 
Be« liereufter. I first eqnaliseil tbr strength 
of the currents tbnt I wisbeJ to cumpore ; 
and thi'n studied their diflTcrential action 
upon tbi! sensibility of the shin, of thu 
muscles, of tbe retina, Arc. Abria »as 
unable to nndertaiie such researches, bv- 
oause he did not know how to localiia 
the electno force in certain orgHns : a pro- 
ceeding that requires Iwforo all thinK|S Bpe- 
cisJ anatomical and phyiuologicsi know- 
led gc. 

' The apparatus with two apinda, or 
of double induction, which 1 was Ihe 
firet to construct, will be fully described 
in the fourth chapter. 
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pointa of emergence of bnincht-s of the trifacial nervos, or on I 
the eyeball it-<elf. The flame tlien perceived is paler than that ' 
from the current of the secontl Ik-Hx of the elertro-inasnetic 
instrument, and impresses the relinti less vividly. Tiie current of 
■ the first helix of the t-lectro- magnetic instrument iiriKlnrea ] 
more impression of light thnn that of the electro-dynamiwil inBtrii- J 
ment. Lastly, the Inmiuous seuKation that is due to the action of I 
the current of the second helix of the eleetro-majinetic apparataa I 
is far from bein;^ sn stronij as that which is excited by electro-i 
motor instrument;^, 

B. — Hie current of ilie second helix exci'tta the cufatieoua sentibSityM 
more vixidjy than tlie current of the first helix. 

This phenomenon was established us follows: — Two electro- 1 
dynamic or electro-magnetic instruments were set in action, so | 
arranged that one furnished the current of the first, the other | 
the curn;nt of the second helix ; and they were so graduated I 
as to art with equal force upon muscular contractility. If then I 
the skin was excited by these alttrniitely, it was always observed 1 
that the sensation produced was much less, under the influeace ] 
of the current of the fir.-it helix than under that of the second, 

Such are the differential properties of the currents of the first | 
and of the second helices, properties the discovery of which j^ 
back to 1848, which I described to the Academy of Sciences in I 
1849, and which were set forth in the former eilition of this work 1 
in 1855. Since then, my experiments upon the differential pro- J 
perties of induced currents having been facilit ited by the use of a I 
commutator of the helices that 1 have added to my instruments, I 
by which I can change rapidly from one current to another, and 
more readily compare their physiolt^ical effects, I have observed 
that the Indui'ed currents possess other special properties of no 
less physiological and therapeutical importance. These I proceed 
to describe. 



■e pou-erfuUij than thai 
organs placed more or I 



C. — The current of Oie first helix enxiies, ', 

of the second, the sensibiliit/ of certain 

deephj beneath the skin. 
I was led to a knowledge of this fact while repeating, in the J 
presence of M. Beclard, Associate Professor of the Faculty of 1 
Medicine, the experiments that display the difl'erential properties | 
of currents, and that I have described above. My learned com- J 
panion observetl to me that the current of the first helix produced [ 
in him a much more acute sensation than the current of tlie I 
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ancoQd helix, vihon he lield both rheophores in the same hand. 
The observation led me to institute a series of experitnents, which, 
repeated irequently, and on many persons, have always given the 
sume results. 

it, after ImTing equali2ed the force of the oiirrents of the first, 
and of the second lielii, by Uking in eacli hand a moist rlieophore, 
and obtaining from each current an action that is felt, let us sav, 
as far as to the elbows, their action is coinparerl anew by taking 
both cylinders into one hand, freely moistened (it being well 
understood that the cylinders do not touch eacli other), it will be 
fouud that the sensation produced by the current of the first helix 
is more acute, and more penetrating than that produced by the 
current of the second. These phenomena of sensibility are the 
more pronounced, the more rapid the intermissions. The senea- 
tioDS ami contractions, limited to the hand that holds the two 
moist rheopliorea, resiult from the direct action of tlie current uimu 
the subcutoneous nerves of the palmar surface of the hand and 
fingers, and upon the muscles of that region. 

The current of the firrt helix produces also a more acute sensa- 
tion when it is directed upon the muscles of other regions of the 
body. 

There are some muscles in which it is easy, by reason of their 
isolation, to display this special action of the current of the first 
helix u[)on the muscular sensibility. I may mention, as examples, 
the deltoid and the supinator longus, on the middle part of which 
the exciting sponges may be placed as near tt^ther as possible. 
If in such experiments we place the two currents in Identical con- 
ditions by equalizing their tension (by means of a tube of water), 
we may see how the current of the first helix excites most the 
mnecular sensibility. But when we experiment in regions where 
the muscular layers are more or less thick, and are superimposed 
on one another, the diilerence of action of the two currents on the 
muscular sensibility is less easy to display ; because the current 
of the second helix is of a greater tension than that of the first, 
and, as I will soon explain, its recom posit ion takes place more 
deeply — so that a large number of muscular fibres are thrown into 
contraction, and sensation is proportionately angmente'l. 

It woidd be reasonable to infer that the sensibility of other 
organs more or less deeply seated beneath the skin would also be 
more acutely excited by the current of the first helix than by that 
of the second. I have prove<l this for many of them ; for the 
mixed nerves, tlie testes, the bladder, tlie rectum ; anil for these 
the difference of sensation excited by the two currents is con- 
ndemble. 
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D. — Tile currerii offhe second hdix proiiioes more enerffelie rejten^ 
contractioTia than that ofihejird helix. 

This proposition follows from tlie I'l-regoing experiments, nhmhl 
should be completed in the followinj; manner: — 

Having first equalized the action of the two currents on the] 
sensibility of subf^utaneous organs, by holding Iwjth moist rhe»-J 
phores in the same hand, a rheophore should then be taken iaf 
each hand. It will be found that, of currents which act witkl 
equal force in producing sensation, that of the second helix will'| 
produce contractions which ascend mui'h higher up the arms. 

It is necessary to explain the miide of physiologicftl action in I 
these phenomena. The contractions observed in the upper ex-f 
tremities when a moist rheophore is hi-ld in each hand, fire mani-J 
fesled above the point excited, that is. in a direction contrary toJ 
that of the nervous force. Tliey are due to the reaction of thai 
spinal card, excited by the electric current which passes alonff 
the limbs, from the extremities to the centre. I shall return, ii 
Chapter III., § 3, to this mode of electrization, which I 1 
denominated ihe mode hij reflex action. 



E. — When the moist rkeophores are applied to the surface of the akm,\ 
ihe currerii of the second Itelix peitetrales the tissues to a greater^ 
depth than that of the first. 

I arrived at the above conclusion in the following manner. I J 
had frequent occasion to locfiiize electric excitations in mnacleal 
that had lost tlieir contractility and their electric sensibility, f 
consequent upon some injury to their nerves; as, for instance, to I 
the radial nerve. "When I employed the current of the first helix, J 
I was able to limit the excitation to the paralysed mug<'le, even] 
when the strength of the current was consideraMe. There i 
neither sensation nor contraction. But, if I replaced the currentl 
of the first helix by that of the second, after having equalised the I 
two by taking the two rheophores in each hand, the muscles < " 
the anterior region of the fore-arm would be thrown into coutrac- ^ 
tion, and the patient experienced sensation. 

It is evident that, in (he latter case, the current had penetrated 
more deeply than in the furmer, and bad been recomposed in the 
miLscles of the anterior re^^ion, after traversing tlie interosseua 
space. I have seen similar phenomena in the leg, when the ' 
internal or external popliteal nerve had been Hounded ; that i 
to say, that t)ie current of the second helix excited at once the| 
paralysed and tlio sound muscles, while that of tlie first, apparentlj- 
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of equal strength, was limited in its action to the paralyserl muscles 
only. 

It has, therefore, been sIiomh by the foregoing: — 

1. Tliat the current of tli« first helix excites most acutely the 
sensibility of certain subcutaneous organs ; tlie nerves, the muscles 
(proportionately increasing their eoutractility), the rectum, the 
bladder, tlie testes, the epididymis, and the spermatic cord. 

2. That the current of the second helix acts most powerfully 
npon the cutaneous sensibility, upon the sensibility of the retina, 
and penetrates most deeply into the tissues. 

F, — Theories of the differetUial physioloffical properties. 

Whatever be the cause of the diflerences observed in the physi- 
ological properties of the currents of the two helices in every 
donble-iuduction apparatus, differences observed in varying degrees 
in different instnitnents, according to the varieties in diameter and 
relative length of their coils, it is incontestable that these pro- 
perties, so important physiologically and therapeutically, and 
which cannot be combined in a single helix, — it is iacontestable. I 
repeat, that these properties are not physiologically identical. It 
is this that I mean to express by saying, apart from any physical 
theory, that the currents of the first, and of the second helix possess 
different physiological properties. 

With regard to the physical theory of these differences, esteeming 
myself fortunate to liave [jointed out fai-ts of such great practical 
importance, that had previously escaped observation, I prefer leaving 
their explanation to others, to physicists, more able than myself to 
deal with them. In a communication addressed,' in 1856, to the 
Academy of ikied i cine, upon certain new physiological properties of 
induced cnrrents, I confined myself to expressing an opinion that 
there was some connection between the degree of tension of the 
cnrrents, and their power to penetrate deeply beneath the skin. . 
If I did not attempt to explain also the physical causes of the 
other differences, it was not for want of experimental inquiry into 
the subject.* 



* DnrhcDii^. A'otC ntr quetqart yro- 
pri^n dig^raitiiile* da couranJi d'imlar- 
liDm de ytnuiir el da texnde ordre (IluU. 
dt FAead. de JUfd., 16 Kam lS5(s t. \xi, 
p. SOU). See bI^o Bapport rle U. B^xivier 
(«<t. p. (771). 

* Tbie roUoTing eiprriment will gLov 
ttiM the rantnta of th>> lint noil of the 
MOODil belk«e poeaeea diffeicut ilcen«s 
nf tnudon. If, after haring eiiiifiliM>il 
thv two rmmmia in thr iiibddct ilcarribcil 



in the text, we mnuuiv Uieir physio- 
logical power anew, BiVr miuine iiu'ta 
to tniTene • portion of didillof w»li>r 
in n glus tabr. it will bo Cnuod thai Um 
cnrmnt of tlir flnt helix la ntwrli bmwk 
wcokDnnl thui that of tlip ■tmnJ. Whvn 
my mmt |io«nrruI iiiiluotino tnntxwnrnt 
18 in nrtjnii at Its liieliiwt imi>l<S uxl lla 
two i^umMilj am ■ijiiHllnnl, the PiiHvut 
of tlin (Irnt •irrlixr nwn *>• li" jiHi'n^iMD 
aflxr liarixu paMol thnxtsh •IMiUol 
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My first idea, when I lind thoroughly convinced myself t. 
diflFt-rence ia the effect of the two nirreuta ujkm the seDBibility of" 
the skin, tlie idea tbat would nulurally have presented itself to any 
physicist, was that this difiercnco might perhajts he explained by 
the difference of tension. I was induced by this belief l« make , 
certain experiments, the results of which were entirely negativOia^ 
Being unable to solve my problem, or, in other words, beinf» unabis fl 
to find the explanation tliat I souglit, I thought it best to abstain T 
from pnhlishing my experiments. In this decision I now think I J 
was mistaken ; since many physicists of the first reputation and ,J 
of the highest talent have attributed the different properties of the! 
currents solely to the difference in their tension. 

" The estra current," tliey say, " and the current of the i 
order, do not enjoy elective properties over this or that functiim J 
but they have an action more or less energetic by reason of tbeir^ 
tension, — tension which they owe to the size, the inductive power,,! 
and the insidation of the "ire tbat they traverse. Thus an induced] 
current, produced in a wire much longer, and of much less dib-J 
meter than the first, has a much greater tension than the extra-l 
current produced ia a thicker and shorter wire. Tlius powers andl 
properties, apparently different, result from the greater tension oSm 
the current that proiluces them."' 

From the foregoing theory critical deductions have been framed 1 
with regard to the arrangement and properties of my electrorl 
dynamic and electro-magnetic inatruoients, made, as is weU-knowntV 
with reference to their applicatioa in medicine. Since these dediio^^ 
tions diminish the value of my physiological researches, and of the 
practical considemtiuns tliat flow from them, I thiuk it my duty to 
make known my own esjierimi-nts with regard to this important 
question, experiments which seemed to me to prove that th» | 
physiological differences between the induced currents of the fi 
and second helices were not solely due to differeuees in their t 
sion; that their properlies are really special to each, and, at present 
are not capable of explanaticm. 

In or 'er that my experiments should be simpler, and moieJ 
decisive, 1 studied the phenomena of induction witliont the inter>4 




water tot a diatonce of eight cmtimetres ; smoud ; or, in othi^r words, tint i 
wbilo that or the seocmd helix ia still | formpr baa a, mocli Iraa degrae of fa 
verj appiBciable after pausing through , than the latter. 

thirty oentimotres. These phenomenal ' TntU^ deg applientiimt dt T^lte . 
an the aiune, whether the cummta be ! A fa theraprutiqvf, par A. Basque 
furnished bj aii elwlro-iij-nRmic or an ] 1857, p. 58, I uiuy mention that .. 

elwtro-magnetic apparatus. They show physical part of this book is ilno to tl 

that tliB current of the litat helix over- I asisintAntts of M, K. Bevquetcl. wbMril 
eaiaea tbe resistiuire of the wal«r with Icantiii^; and aUlitlcK ' ' 

much tnore diUlcalty than that of the nowned. 



INDUCED ELECTKICITY. 2S 

Teution of magnetic force ; that is. by producing induction hj the 
initial voltaic current alone, and nailing to test afterwards the in- 
fluence oi' temporaiy magnetism as an initial ftiree also proiiucing 
induction. 

-J« my eleelro-ittpiamie ins/rumenis with dovhle carretit. Uie 
r. tlifferenee in diameler aivl lenr/ilt of Ihe two wires which prth 
I, dvced the exlra cuiTeiti {curreni of thv Jirtt Iielix) and Iks current 
Ic/the aeeond helix, did iwt alone ex^in the di^erent action of 
I Oiote currents on the aenaibili/i/. 

, i'.— I construclod two holices, nine centimetres in k-ngth, of 

. ipper wire, covered with silk. In one tho vriro was one millimrtre in 
diameter, and 200 metres in )enf;t.h ; in the other a sisth of a, millimetre 
in diameter, and 1000 metreB in length. In the centre of the heliece was 
a «pac«, intended to receive a bar of mft iron or a bundle of iron wire, but 
left empty during the present experiment. 

In this state, the current of a pair of finnscn's elements, circnlatiug with 
intermiBGiona through each of the separate helices, gave origin to two instan- 
taneous currents of unequal power. TItat whicli was developed in tho thicker 
and stouter wire (the extra current of authors) exerted a pliyaiological action 
inttnitelr greater than that of ttie fine wire. 

I then oqualised the ph;siol(^cal force of the two currents, by placing the 
moist rheophores one in each hand, or both in the eame hand, or on tho plane 
of ihe n)nsi?lcs, and by then causing the current of the thick wire to past 
through a tube filled with distilled water of such a length that the ahucks 
produced were equol to those of the cnrrent of tho fine wir 



It follows from tliis experiment that nu extra current developed 
in a helix of very long and slondei' wire (lOfK) metres in len^^h, 
and one-sixth of a millinietce in diameter) does not excite the 
cutaneous scn&ibilitj more actively than an extra current developed 
in & wire much shorter and thicker (200 metres in length, and a 
little less than a millimetre in diameter j. 

It is also evidont thtit^ if the action of a cnrrent upon the 
cutaneous sensihility hore any direct proportion to the degree 
of tension, the extra current developed in a fine mre should act upon 
the akin much more powerfully than that develo[)ed in a wire 
tilicker and ahorter. This dnes not require to be d<-monstniti?d. 

^The fine and long wire of my electro-dynamic apparatus of 
■douhie current only acquires Us special action upon the cutatieous 
I tauibHity wlten Us current is iiidueed hij a thicker wire. 
X the same helix uf fine wire, that whs us<^d in the foregoing 

ariment, was exposed to the induitive influence of the helix 

of thicker wire, the current circulating in its coils instantly anguired 
the special property by which the sensitiveness of the skin is 
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acutely excited ; the pro[>erty that 1 have made known as belng^l 
peculiar to the current of tlie Becond helix. The experiment » 
tried aa follows ; — 

ExprnmKa.l,~l mounted the two helices used _ „ , . _ 

ttnd mode a. second fine helix, the same as the former, to cover the helix 
lai^er wire. Into the latter I conducted tai Jntemiittinf! current of the'eaine 
cJectro-motor, The force of the enrrent of the second helix, when produced 
by the indnotion of the first, wob very considerably augmented (as would be 
foreseen). In order to compare the special properties of this second helix. 
yielding an induced current, with those of the similar helii, yielding ooly 
an tiira current, I caused the current of the former to rags through a 
water regulator, until it was impossiUe, with the moist hand to distinguish 
one current from the other. Tliey might therefore be thought to be per- 
fectly equal, with r^ard to their physiological action upon the sensilrili^ of 
the skin. But on Imtiting their action to the surface of the skin, and teat- 
jug them alternately, the induced current of the fine wire waa found to 
produce much more sensation than the fine-wire extra current. 

We have therefore seeu in this experiment, that a helix made 
of wire 1000 metres in length, and one sixth of a millimetre in 
diameter, and of which the power, as the source of an extra cur- 
rent, scarcely equalled that of a. helix made from a wire 200 
metres in length, and one millimetre in diameter, acquired an 
CDormoua increase of power, as regards the cutaneous sensibility, 
when excited bv an inductive helix of the thicker and shorler 
wire. 

It will doubtless have been observed that in the foregoinjf 
experiments I refrained from placing the soft iron in the centre 
of the inductive helix ; that is to say, that magnetism had no 
influence upon the phenomena of induction that 1 have described. 
My experiments were conducted in this manner for the purpose of 
showing how little foundation there is for the opinions of certain 
writ ere, who have ascribed the special action of tlie current of the 
second helis to the influence of magnetism, " There is," aays 
M. E. Becquerel, "another observation that should be made. M. 
Duchenne, by placing in his instruments a second hclis over tho 
first, has thought he obtained from it only a current of a superior 
order to that of the first. But, from such an ammgement, the 
result is very complicated: because, in the second hehx, aa in 
the first, the predominant action is due to the influence of the 
central ningnet." 

This opinion is valueless, in the face of the experiments aboTS' 
recorded ; because in them the differential action of the two 
current* was displayed quite independently of the presence of 
the temporary magnet. If I had placed a bar of soft iron in the 
centre of the inductive helix of large wire, the iron would have 
become* strongly magnetic, and would have re-acted upon the in^ 
duced current of the helix, iiif-reasing its power, as may ea«iiy bo- 
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ehown. This increase of the power of the eurrent of the first helfx 
would hftve mcreafieil in proportioii, by its inflaeiice, the power of 
the current of the Becond helix. This is alL To say that the 
inagn-'t acts directly upon the second helix, and confers special 
properties upim ils cnrrent, is mere hypothesis, and the objection 
is set aside by my experiments. 

We may therefore say that the special action of the current of 
tlie sec<iud helix upon the cutaneous sensibility, or the special 
action of a Iielix of fine and long wire induced by a helix o{ wire 
that is thicker and shorter, cannot be explained entirely by tbe 
great tension of the current. What, tben, is the exact explanation 
of the phenomenon? This is a question that ought to employ 
the ingenuity of tbe learned physicists who have criticised my re- 
searches; and who, I repeat, by reason of their special knowltdge, 
are far more competent than myself to enter upon such inquiries. 

Let OS, howoTer. admit for an instant tbat-the greater action of 
tbe cnrrent of tbe second helix ujxin cutaneous sensibility is due 
solely to the greater tension of this current. How, then, shall we 
explain why tbe current of the first helix, tlie tension of which is 
infinitely less, excites much more acutely than the other tbe sensi- 
bilities of certain sub-cutaneous organs {muscles, nerves, bladder, 
rectum, testes) ? How, also, shall we expUin the elective action 
of the current of tbe second helix upon the sensibility of the 



U. ChauTeao, endeaTOmiDg in a 

Smnt book to gviu^nlize on the pbfiio- 
iDgiral ellccts of induced i^urmita, boa 
coDdudal from uome Fiperimctila on 
Buiiiuila :—''!. That lLc> pbjaiologiol 
effect nf electrii!ity i« tbe result of a 
mecbuiinJ dixtiuliance of tbe niolectilca 
in the track of the curreaU. !. That 
thji dilturbance depends eolirely D]«li 
the leonon of the cuiienta, and is not 
directly influenced by the quantity of 
electricity aet in motion. 3. That the 
vnrioiu portions of the track of the elec- 
tricity, in an animal condudor, do not 
luidergo the suae dugnw of mechanicBl 



of the flnt helix, or the extra 

■uthore). 

' ehould obaerve also, that it 



C'baovcail, that tbe electric cnnvnt hoa 
lete tcuaion at tbe ucgatirc than at the 
positive pole: so that a mon powerflil 
pbyeiobigii^al uHiott at the ncfjstive pole 
cannot be allribiited to tbe greater teiudoa. 
Lastly, M, le Tinnute Dumoncel gare 
additinnal support to tbe position that 
I defend, in a work that he addressed in 
1859. to tbe Academy of Sciences. He 
ba« shown by experiment that tbe phymo- 
logical power of an indneed currunt is 
not alsays dae to ila tenaion; and his 
esperiment is described in tbe following 
conunuaictitioa, with wbicb tbi« iageni- 
oiu and learned physicist has faronred 



excitation : because the tcnsi 
of being uniform throughout the con- 
ductor, is always stronger at the eitreme I 
points, and. «ip«cially, at the point of | 
menpe {negative pok)." 

The experiments made apon th^bumaD 
subject, l^- the aid ot locoliW elcclricity. " We may," ho says, " oonclnde &om 
and deaeribed in tbe texi. ^ow that the ' this experiment, that the Icmiion is not 
energy of all the physiological effects of | the sole caiwe of the power of induced 
an ii^necd current, far from Ixdng always currents to produce physiological ctTeda: 
in direct proportion to its tension, is and that the diOerent efTGCts observed 
etimes greater under the inHuence of by M. Dncbenne. from tbe action of 
iirrrnt of lower tt^sion (the current | seonndary nnnents and extra currents 
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We cannot, therfftite, in tlie present stale of knowl^jge, find 
satisfactory physical theory of the difierfntial phyfliological pi 
perties of the currents of the first ami of the second belix ; and 
must be content, for the time, with a simple recognition of incoi 
testable fiicts. 




§ II. — Dlfferenfial iherapeuitc properties of the induced currents. 

Indnced electricity is the only therapeutic agent which, limited 
to the akin, is cup;ible of producing; acute cutaneous eensation 
which ceases suddenly with the operation, which can he graduated 
from simple titillation to the most acute pain, cither tlirough all 
intermediate degrees, or by passing suddenly from one extreme 1 
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Rltlinugh moTO intenae in their nctioD 
npon the galvanometer thaii vhen the 
BTumtnre E F ia raiited, give much more 
poweifal HLorks in the latter ease; and 
yet tlie two ciurents, measured by the 
rheostat, hove the same tension. It is 
impoBsible to ascrilie this difTerence of 
acticin to Ibe difterence in the rapidity 
of tlie demagDetizatioQ of the magaetie 
tree in the two rases ; becsose the 
le effeets are prodnced by inferrnpting 
the two indun^tive and indiir^ ourrenU 
•fniultaneously by means of a double 
toothed wheol. Moreover, this effect is 
not the onI;r one of its Iciud that eould 




be cited ; and t have sliown thM, u 
certiiiii eiruumstatieea. the inverse onnen^ J| 
which never givfs apprprtnhle pkyrio^* 
logicul effects, yieldfl maa'- tliut are mar* I 
eaorgetio than tbow of tUi- dim t eurrenl. j 
l'"'iirtbpnDore. we know thiit ilie negative 1 
pole of the induced eiimiit rt-aets mart J 
powerfully upon the animal eeoaoiaf^ 
although the Plperimcnta of H. "' 
and myaolf have shown that the ci 
of the positive jwile posaeaaeB I „ 
teoaion. We must Iherefore coi]cjadiB,M 
I have said, that the reciprocal idatic ~ 
between the nervous eystem ' ' 
action of electricity are not ai 
understood, in the present state of ag 
to furnish us with tr pri'nri explani 
of all the iiheuomeuB that nave 
nliservod." 
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the otUer, witboui eyer disorguiiizing tlie skio, or leaving ooy 
trace behin'l further than a slight erythema or a little elevation 
of the papills. It is evident that euch an agent will fulfil a 
number of indications; whether we wish to excite the sensibility 
of the skin, as in cases of cutaneous anseslhesia ; or whether we 
wish to produce some revulsivf local action, ns in neuralgic and 
rheumatic paias. This cutaneous excitation may he repeated 
frequently, and may be applied to all points of the surface, even 
of the face, since it leaves no mark behind ; and it may be con- 
trolled in accordance with the excitability of every patient, or of 
any re<;ion of the body. 

There is often need for an intense current in the treatment of 
certain muscular affections. In such eases, only induced elec- 
tricity is applicable ; since it does not exert the calorific action of 
contact electricity. 

The chemical or electrolytic action of induced electricity is 80 
feeble, that it is useless as a means of coagulating the blood, in 
the treatment of aneurisms. Induction instruments will, however, 
even when of small size, exert a considerable influence uf^on con- 
tractility, and Ibis greatly facilitates their e,mploymeiit, 

A. — The different phifsiohffieal acticve of the induced currents of 
fliefird and of the second lidix cannot be ap^ied indifferently t'n 
praciice. 

The two induced cuireuts (of the first and of the second helix) 
the physiological ]>ropertiE<s of which are so dissimilar, should 
exert a different therapeutic action, answering, for each of them, 
to some special indications. Although empirical trial has often 
played a principal part in therapeutics, we should nevertheless bo 
guided in such empiricism by the physiological action of medicinal 
agents. The path that I have followed, in the therapeutical use 
of the currents of the two helices, has been that which was traced 
out for me by physiological experiment. If, however, the phy- 
siological differences between the currents had been scarcely 
sensible, I should in that case have drawn from them no thera- 
peutical deductions ; in order not to complicate unnecessarily the 
art of medical electricity, which, as we shall see, is sufficiently 
difficult already. There must be something more than slight 
varieties between these physiological properties. I may say, 
without exaggeration, as regards their effect on the cutaneous 
sensibility, that they differ as water that is warm differs from water 
that ia boiling, or as iron slightly warm differs from iron that is 
white-h^t. 

We do not, indeed, find so great a difference between the two 
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oomnta as regards their other proporties ; although ereu (or 
these it is very notable; and if applied indifferently in certain 
cases, and under certain conditions, the currents will produce 
accidente more or less serious. 

Nothing has enabled me to foresee the existence of these pro- 
perties ; and I have only become acquainted with them by long 
practical experience, and always at the expense of the patienta 
operated upon ; or, in other words, by aeeidents. Among recent 
examples, in faradization of the testes, in a case of impotence, with 
the current of the second helix, (two moist rheophores, one in fraat 
the other behind, were applied to the scrotum at the level of the 
testes), the patient experienced some pain. Instead of diminishing 
the force of the current, I changed it for the current of the first 
helix (by turning the index of the commutator of helices of my 
electro-dynamic apparatus), thinking that, as the tension of tho 
latter was far less, it might penetrate less deeply, and perhaps 
produce lesa sensation. The very contrary took place, the pain 
becoming much more acute. It seemed to the patient, so to 
speak, as if the testes were being torn from the cord.' The 
thing has occurred in every patient with whom I have repeated 
the same experiment. The epididymis and the cord are alike 
much more sensitive to the excitation of the first than of the 
second helix. Another time, having to treat paralysis of the 
bladder, I introduced one rheophore into that viscua, and another 
into the rectum (for the construction of the rheophores, see page 
P5), and caused the passage of a sufficiently strong current from 
the second helix, with two intermissions in a second. Tiie patient 
felt only a very bearable sensation. But, as the tension of th© 
current was very great, it was difficult to avoid its jwnetration to 
the sacral plexus, in such a way as to produce powerful shocks 
in the lower limbs. I therefore changed suddenly, without any. 
warning, to the current of the first helix, on account of its lower 
tension. The patient immediately complained of horrible pain in 
the hypogastrium. Three other patients, who were then under 
treatment, all complained of similar pains under the same circum- 
stances. I have often repeated the experiment, when acting 
solely upon the bladder or the rectum with a double rheophore 
that will be described hereafter; and the local sensation has 
always been incomparably stronger from the current of the first 



* The patient was a diatinguiidipd pro- , and the ourrent fit the first order bvn Mil 
fesaor of pliysics ; and oertamlj, aCt^r tliiit | eleotiye properties with regard to thia arfl 
argnmailum ad lunninrnt, he would iin : thnt fimction, but tiity have a moiT — 
loDgor hold the opinion of MM. Bee. I less energctio action, bg retuon tf C 
qnarel, who wrote " The extra current I Uiuion." 
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)it-lix than froiD that of the second. These experiments are not 
hurmless ; becftuse in many eases the acnte sensations have been 
followed by neuralgic pains in the organs oTer-excited. The 
difference in the action of the two curreota upon the sensibility of 
the retina is far from being as great as in the preceding cases; but 
I have seen many persons who have been inconvenienced by bril- 
liant phosphenes, produced by the current of the second helix, 
when I have excited regions supplied by the branches of the fifth 
pair, such as the face or the tongue. Patients have been even 
fearful abont their sight, and have complained of muscte volitantes, 
after such operations. 

These facts show, therefore, that the currents of the two helices 
must not be employed indifferently or indiscriminately ; and thai 
the practitioner must be circumspect in the selection of one or the 
other of them. 



B. — Catea in which we should employ bij jtreferewe tlie current of 
the first or of the second fielix. 

The differential action of the currents of the two helices being 
known, it is easy to foresee in what cases the one or the other 
should be chosen. 

The extreme energy with which the current of the second helix 
acts upon the sensibility of the skin, renders it a most valuable 
agent in the treatment of cutaneous aniesthesia, or iu producing 
a cutaneous revulsion or shock greater, if desired, than that 
of the actual cauiery, without any destruction of tissue, e.ff., in 
rheumatoid and neuralgic affections. It is unnecessary to add 
that the current of the second helix will succeed in a number of 
cases in which that of the first would be wholly powerless. I have 
frequently seen cutaneous aniesthesia yield mpidly to the current 
of the second helix, when an apparatus possessing only the cur- 
rent of the first helix more powerful than the former in exciting 
muBcnlar contraction, had failed to exert upon it any appreciable 
influence I 

If it be desired to practise electric excitation upon deep masses 
of muscle, protected by thick aponeuroses or covered by an adipose 
subcutaneous cellular tissue, thick or oedematous, the current of 
the second helix perfectly fulfils the indii-ation, by virtue of its 
greater tension ; or, in other words, on account of its power of 
penetration. 

Again, the current of the second helix, which acts less upon the 
muscular sensibility than that of the first, should he preferred 
when it is desired to provoke enei^etic contraction with as little 

o 2 
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pain as possible ; as in children, and in cerebral paralvi 
is necessary to avoid reaction of the nervous centres. 

The current of the first helix, the tension of which is feeble^ 
succeeds perfectly in cases where it is desired to excite acutely tb^ 
sensibility and the contractility of small and superficial muBcIes,^ 
without ^ing beyond their limits; as iu paralysis with muscular 
insensibility, or local atrophy. In paralysis of the seventh pair, 
for instance, when the electric contractility is more or less weakened, 
it is indicated to excite acutely the muscJes that are paralysecLj 
These are of small thickness, aud it is necessary to select for theni 
the current of least tension (that of the first helix) when it is no 
wished to carry the excitation too deeply. 

The singular property possessed by the current of the first belii 
of exciting acutely the sensibility of the bladder and rectum, i 
valuable in cases where these organs are the subjects of simple- 
aiifesthesia,'or when, at the same time, their contractility is lost 
or diminished. I shall describe hereafter a case of ansesthesiA 
of the bladder, which by itself constitutes a serious affection, since 
the patient, feeling no desire fo micturate, allo^vs the organ to 
become distended, and is unconscious of its fulness until this is 
manifested by dribbling. By such distension, the bladder becomes 
paralysed secondarily. In such a case it is plain that the current 
of the first helix would be indicated; but in a case of muscular 
paralysis of the bladder, where one feared any over-excitation of 
the sensibility, the current of the second helix, which acta powem 
fully on the contractility and feebly on the sensibility of the orgaiv 
ought to be preferred. The same considerations are applicable ft 
paralysis of the sensibility or of the contractility of the rectum.*" 

Different denomincdions of the various kinds of eledridtij. 

It follows, from what has teen said, that each of tlie sources <rf 
elec^city, of which I have described the physiological and thera^ 
peiitical properties, responds to special indications. It is, there* 
fore, necessary to introduce a nomenclature to express clearly tbq 
employment of 

The word electrization should be used only in a general sense. 

The application of fricttonal electricity may be called 
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the meoeding pagea, to maintain bnfore oblaincd hy elcptm-pbysiological espei 
an Xp»demy of ifoii'ii<>ea, in the prnuint mpnts and Ijy a long course of cliait 
dny, that the aitm enrreat and the '. oWrvation, or n a |iroof of anch ign 
ornrent of the SrHt order, indcpmndcritlT' raacp an to imply absolute inoompeten 
of their tenai'^n, bale no dectire proper- , to deal witli any utecCro-phyaiolo^Oal 
tiet with regard to tbia or that fnnclion, tht:rapealical ifuention. 
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eledrization ; and that of contact electricity, galvanizaiion. But 
this last word has, in general, btjen employed indifferently in 
medical practice, to denote the use of either contact or induced 
electricity. The electro-physiological and eieetro-therapeutical 
considerations above laid down will render plain the disastrous 
eflectB of such confusion. 

Since, then, it is necessary to coin a word to express ejiactly 
induced electricity and its application, may we not take the word 
fiom the name of the discoverer? The name uf Galvani has 
been given to contact electricity; and I woiild give to induced 
electricity the name of Faraday. Tims induced electricity itself 
may bo called faradism; and ils employment may be called 
/aradizaticn. Such a nomenclature seems to me to be the more 
happy, since it not only establishes a well-marked distinction 
between induced and contact electricity, bat also does honoor to 
the name of a philosopher to whom medicine is indebted for a 
discovery far more valuable in therapeutics than that of Galvani." 

[Mr. J. Netten Badcliffa has taken objection to the nomendatiire adopted 
bf Dochenne in respect of the application of " fricticmal " and " contact elec- 
tricity " to medii^al putposM. The nee of the woid eitctrUatioa, sometimes in 
a general, sometimes in a ^^pecial and limited sense, is, he thinks, apt to 
confuse. The \»rniA " frirtivifil tUctricity" and " stntic flntricity" me words, 
mareover, passing into disuse among physicists ; while the terms " contact 
tltclrifitu'' and "galvanism" are almost entirely diensed in physictal science. 
Hr. Boddifle thinlcs that it would be an advantage to have a eeries of tetvm 
which, while secnring the object which Dnchcnne had in view, would 
not clash with the nomenclature adopted bj phyEiciats. He »-ritcB, "The 
electricily of chemical action (' contact electricity,' * galvanism,' eoH«lled) 
is more correctly and generally dtsignalcd after the name of the originai 
discoverer, Volta, vottaic dfrtHcily. Faraday sngRested that fnelloual lirc- 
Iricitg should be termed after the illustrious philosopher FrankJin, whose 
name is especially connected with its early experimenta] study, /ranltlinie 
ctcriTKiiy, and the name is now being widely adopte<l by pbysicislti. By 
applying the method of terminology which Ihichenne has so happily used 
in respect of the induced current, to other forms of electricity, a series of 
terms is obtained which woald be accurate in form as the practice of nomen- 
clature goes, true to science in fact, free from coofasion, and particularly 
convenient in usage. Tlie series would be (1) /aradaie rlertricily, or /ara- 
dirnn ; and, as respects the pathological and therapeutical api'Ucation of the 
agency, /aradiiaimn ; (2) mllaic dtctrviity, or mltaitm ; rollaiattion ; (3) 
/roHWrnir dtctrtcity, or /ranklinitm; /ranili'Rualioii." — ("The Practitioner,' 
vol. i. p. 19.— B. T.] 
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CHAPTER II. 



localized electrization. 
Part the First. 
TJte Fundamental Principles oftlw Metlwd. 
At tlie commencement of my researcliea. Iiaving adhered to the 
principles of electrization given in special treatises, and my first 
attempts having been, if not unfortunate, at least little encouraging, 
I was soon convinced tliat my ill success ought be attributed to 
the imperfection of the operative proceedings until then in vogae^ 
an'I to which I had had recourse. Reserving a critical examinatioii 
of them for the nest chapter, I niuysay here that their greatest fault 
is the difBculty of acting upon the discuaed part without exposing' 
healthy organs, or even the entire nervous system, to the incon- 
veniencea or dangers of the electric stimulation. Moreover, it is 
impossible, in using these methods, to attain to any exact study o£ 
the muscular electro- physiology, or electro-pathology. 

It then suggested itself to me that it would be possible to obtain 
more important and more definite results, if I could either arrest 
'electricity in the skin, without stimidating the subjacent organs, 
or cause it to penetrate the skin without influencing it, and to 
concentrate Its power upon a nerve or a muscle ; in a word, to 
make it penetrate to deeply-seated organs. 

5 I. Houi to direct eledrieit^ thrmigh organs? How to set Umila 
to its action ? 

This problem, so difficult in appearance, was very simple in 
reality. For its solution nothing was needed beyond a carefol 
analysis of the phenomena daily seen in practice, on applying to 
the moist or dry skin, the rbeophores ' of an induction-instrument 
of medium power. The following are the principal facts that 
enabled me to accomplish the work I had undertaken. They fnr- 
nish the basis of localized electrization. 

1. If the skin, and the metallic rheophores are perfectly dry, 
and the cuticle of considerable thickness, as in pert^ns who are 
much exposed to weather by their occupation, the current 
recomposed on the surface of the epidermis, without reaching the 
dermis, and produces sparks and crackling, but no physiological 



phenomena. 
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2. If the two rheophores, one moist and tte other dry, are 
platted on two points of the surface, the person experimented upon 
will feel, at the point where the dry rheophore has developed 
only physical effects, a superficial and evidently cutaneous sensa- 
tion. The opposite electricities, in such a case, are recompoeed at 
the dry point ; but after having traversed the dermis by the aid of 
the moist rheophore. 

3. If the skin be very slightly moistened, on a part where the 
epidermis is very thick, a sensation that is superficial, but stronger 
than in the preceding case, and without either sparks or crackling, 
is produced at the points where the dry metallic rheophores are 
placed. Here the electric recompodtion takes place in the thick- 
ness of the skin. 

4. Lastly, if the skin and the rheophores are both thoroughly 
moistened, the current produces neither sparks, nor crackling, nor 
burning sensation, but very variable phenomena of contractility or 
sensibility ; accordingly as we act upon a muscle, or muscular 
fasciculus, a nerve, or an osseous surface. In the latter case an 
acute pain of a very peculiar character is experienced ; insomuch 
that we should carefully avoid placing moist rheophores over such 
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It follows from these experiments that we may, in faradization, 
arrest at pleasure the power of electricity in tlie skin ; and that, 
without puncture or incision, we may make the current traverse 
the skin, and may limit its action to subcutaneous organs, that is, 
to nerves, muscle, and even bone. 

It is difficult to conceive, however, that electricity will act upon 
subcutaneous organs without, at the same time, physiologic^dly 
exciting the skin itsflf. One is apt to think that the sensations 
j)rodaced by electrization of deep organs are due either to excita- 
of the skin only, or of the skin and the deep organs together. 



I will attfFiupt to generaliJM! these i rities are abolished bj & fihn of water, 
l^enomeiiB. It U well Intown that ten- ' the electricity trarereee the skin ni irxuM 
sioD eleiTtricit; has a great tendeucy In , Bud la recompoeed deeply, either In the 
empe b}' points. The same octrurs with muscles or iDnme, or in nerve; the more 
dTtuunic eleetriciCy, when rocomiKiaitions deeply the muro intense the eiurenL 
ooonr between the epidenois and dry | TberewOl then benomoipspiuksorcrack- 
rheophoree. In fact, the epidermis and i ling, or cutiineoiu sensatloiiB: but only 
the rlienphnna present each a Dumber of physiological nhenomenn in accordance 
■speritiea bj whieb the Buide of oppoxite with the functions of Ihe organs that are 
dnioDiiiutions, proceeding from the bat- excited. These latter phenomena display 
ten or the indoction apparatus and the a difference between the physiological 
hody.eKapeloberecnmposed and neutra- electa of leoaiDn electricity and dynamio 
lized: producing crepitation and sparks, electricity. The former always prodnoeB 
If (he akin has been traversed, the eici- electric recompoaitioD between the rbeo- 
tAtirai is then mperficial. and can only pbore and the epidermis, in vbat«Ter 
prodoce cataneoni phenomena, that ia. I manner the opervtioti is performed. 
cntancoQ* gcniiations. But if the aspe- | 
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^^^H The fallowing experiments may serve to show that the sensatiou 

^^^H produced during fitradizatinn of the rikin by dry rheophores, applied 

^^^V to an equally dry surface, is entirely the result of cutaneons exci- 

^^H tatioii ; and that the sensation produced by tlie application of very 

^^^B 'moist rheophores to the surface, on the level of a muscular plane, 

^^^H can only he attributed to direct excitation of the muscle. 

l! 
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on the denuded portion, a drj metallic iboophore. The resulting contraction 
BccontpanJed hj a dnll Boasation, Hpecinl to oleotro-muBcular contraction. 
I then placed the same rheophore on the plane of the same muscle, but upon 
nninjured akin, and I obtained only a homing BeuRation, without mosculor 
contractJoD. Having replaced the metallic rheophore hj moist 
contained in the exciting cylinders, and these teing placed upon the 
D piano correaponding to the crural mnacle, T obtojned contraction, with the 
same pecuhar dull seneation that was produced when the dry metalhc rheo- 
phore was in contact with the denuded muscle. 

Serond experiment,— k patient, in whom the radial nerve had been destroyed 
by a bullet-wound of the lower part of the arm, had lost the scnsibihty and 
tlie electric contractility of the muscles of the posterior region of the forearm ; 
while the sensibility of the skin remained intact, &om the int«^ty of tlie 
catonoous nerves. X applied the dry metallic rheophores on the skin of 
the anterior and posterior antibraehial regions, and Ihcy produced an acute 
bunting sensation. I replaced the dry rheophores by the cylinders with 
wet sponges, which produced in the posterior region neither sensation nor 
contraction, although contractions attended by sensation wore manifested in 
the anterior region ; where also the burning sensation produced by the dry 
rheophores was replaced by the dull and pecuhar tiensatiou of muscular 
contraction. 

I have many times repeated similar experiments in other patho- 
logical conditions, not only on muscles, but on mixed nerve- 
trunks ; and I have arrived at the conviction that the electric 
excitation may reach a muscle or a nerve, without exerting any 
action upon the skin in its course. 

It should, liowever, be remembered, that in certain cases sensa- 
tions really produced by the excitation of the skin, or of the 
cutaneous nerves, may be attribut«d to muscular sensibility alone. 
In order to explain how such an error may be avoided, it is neces- 
sary to enter into certain details. 

(a). It has just been shown by experiment that, if the skiii 
and the rheophores are sufficiently moist, and in perfect contact, 
the former is traversed by the current without being excited ; and 
that the electric recompositioa takes place more or less deeply in 
the subcutaneous tis.sues. But at the moment when the rheo- 
phores and the skin are brought into contact, and when contact as 
yet is not perfect, the surface presents certain asperities which 
occasion electric recompositions, attended by sensations of prick- 
ing and burning, and even by crepitation and sparks, especially if 
the current be that of the second helix, with its power of exciting 
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cutaneouB sensibility, and if tlie current be sufficiently strong. 
The same phenomena are repeated at the moment of separating 
the rheophores from the skin. In order to avoid this electro- 
cutaneoug excitation during the faradization of muscle, it is neces- 
sary to avoid establishing the current until the contact between 
the skin and the rheophores is complete. (I shall hereafter point 
out the precautions to be taken in order not to produce cutaneous 
sensations.) 

(b). The moist rheophores act invariably upon the cutaneous 
nerves when placed over their course. In order to study the 
phenomena resulting from their excitation, the tension of the 
oarrent should not be GufBcient to penetrate to the muscles. 
The fai^ization of a cutaneous nerve produces a sensation which 
is continued along the course of the nervf, beyond the point 
excited, to the finest ramitieations ; where it occasions tingling 
and pricking, proportionate to the degree of intensity of the 
current, and the rapidity of the intermitfencea, Tlie sensations 
are also more acute when the nerves are exeited at a point near 
to their finest ramifications : thus they are produced more strongly 
by taradization of the collateral nerves of the fingers and toes, 
than of the cutaneous nerve higher up. The excitability of the 
cutaneous nerves differs greatly. It is carried to the highest 
degree in some of them ; the frontal, for example, derived from 
the opthalmic of Willis, cannot be touched without provoking 
acute pain in the faradized point, spreading from thence to all 
the ramifications. In other nerves faradization is only appreciable 
by the extension of slight tingling over the regions of their distri- 
bution. The cutaneous nerves of tlie limbs are generally in this 
latter condition. 

A knowledge of these phenomena renders it possible to dis- 
tinguish the complex sensation, due to the simultaneous excita- 
tions of cutaneous nerve and muscle, from that which is the result 
of the excitation of moscle alone. Indeed, when the moist rheo- 
phores are placed on the plane of a muscle, and over an excitable 
cutaneous nerve, the participation of the latter is shown by the 
tingling or pricking which extends along its ramifications, and by 
a special pain, if the nerve be very sensitive, limited to the point 
excited. When the rheophores are so moved as to avoid the 
cutaneous nerve, the tinglings and the local pain cease instantly, 
and allow the purely muscular sensations to be perceived. 

§11. Is U possible to conceiUrale the dedrie force m a mutch? 

B are met here by an objection st-emingly very serious, which 
mid present itself naturally to all minds, and which nearly 
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arrested me at the beginning of ray researches. If it he trtie Ihai 
we can eoneeniraie tlie electric force in a muscle, is it also certain 
thai the resulting eaxiiation toiU no/ itself produce the phenomena 
called reflex, h/ reacting upon the nervous centres ? In other words, 
ia it not to he feared that the deetrtxation of a muscle may provoke not 
mereli/ its ovfn contraction, hut also that of other musdesf If it had 
been so, I should certainly have renounced my idea as a chimera, 
and all the researehes that I owe to its realization would have to 
be recommenced. The following experiments have convinced me 
that the reflex action of the cord does not disturb the rauBCular 
phenomena produced by localized electrization : — 

Finl experiment. — Having removed the akin from tbo faceof a livingrabbit, 
I divided the fedal nerve of ono side only, in order that the miiKclea Bupplied 
by it might be cut off from all connection with the cord I then applied 
electric excitation to each muscle of the face, alternately on tie two aides. 
The muficles contracted separately, and equally on both eides. 

Second expertmrnt.—l then destroyed the brain of the same animal, in order 
to place the mrd in a condition favourable to the production of reflex action, 
and again excited the muscles aa before. The results were absolutely the 

A similar experiment on the mnBcIca of the lower h'mbs, after having excised 
a portion of one of tbo sciatic nerves, produced similar results. 

I7tirci experiment. — After having decapitated a number of frogs, I destroyed 
the spinal cord in some, leaving it intact in others. lu all these frogs I threw 
individual muscles into contraction, even the little muscles of each claw, 
without any mingling, even in those with spinal cord unhurt, of the leoet con- 
traction due to reflex excitement 

Fourth experiment.— 'When in the human subject wo compare the contrac- 
tion of the muscles of a perfectly ansesthetic limb with those of a limb in 
which sensation is jwrfect, we do not discover any diflorenoe between the two, 
as regards the manner in which the muscles respond to localized faradization. 
In both, each muscle contracts singly. 

Fifth erpcrlmrnt.—Tsi cases of cerebral hemiplegia {a condition favourable 
to the prodaction of reflex phenomena) locahzca faradization produces isolated 
contractionE as certainly on the diseased side as on the healthy one. 

I may add that, in all my experiments upon men and animals, I have made 
single muscles and single fasciculi contract with as much facility and co^ 
lainty as when acting on the mnaclca laid bare, and freshly removed from 
their positions. I have publicly repeated these comparative experiments at 
the Hotel Dieu, at La CliaritiS, and at the Lariboiaicre Hospital. 

Sixth laverimmt. — In 1852, 1 made some interesting experiments upon a 
patient in La Charity (under M. Cmvoilhier), in whom reflex phenomena were 
very easily developed. Tho lower limbs were entirely deprived of movement; 
and yet the slightest impression on any part of the skin covering them threw 
them into violent action which he was unable to control. 

Cutaneous excitation of the upper h'mbs, however powerful, produced no 
movement of tho lower. If the sensation oxpericaced by the patient waa 
slight, as when a finger was drawn over his thigh, the movement would be 
trifling, and confined to the limb touched; but if the sensation were greater, 
tbe movement would be more extensive, and would be executed by both limbs 
at once. 

The movements consisted always of flexion of the thigh upon the pelvis, 
of Uie leg upon the thigh, and of tho foot upon the leg. I never saw any 
contraction of tbo mnecles antagonistic to the flexors. The movements 1 
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evidently due to the rcHex action of the cord, called forth by excitatioD of the 
Bkin of the ponilysed limbe. 

I wished to discover whether clectro-mnscular e»eit«tion wonld produce 
reflex action with the same fiwility, when indiiridual mtiBcles were made to 
ooDtmct. At the instant of ttppljing the moist rheophores to the skin, on the 
Burfnce over the tibialis anticua, the entire limb wad thrown into the state 
of flexion described above. This w&s entirely due to the touch of the eponges 
wet with wild wat^r ; the apparatus being not then in action. 

Immediately after the liinb had fallen again into i\M habitual inertia, the 
rheophores remaining all the time in contact with the esme points of skin, I 
diEchai'ged one intermission of an induced current of moderate atrength- To 
my great surprise the tibialis onticus contracted singly, without jmxlncing 
any reflex action in the other muscles. 

I repeated this experiment seven or eight times in snceession (that is, with 
a single intermission of an induced current each time), and obtained always 
the isolated conlractton of the tibialiR anticus, although the power of the 
instrument was gradually increased to its maximum, and although the patient, 
each, time, experienced a marked sensation. It was also easy to obtain, in 
the same manner, the contraction of every one of the muscles of the luwor 

I repeated the same experiments, only employing a current of very rapid 
intermissions in place of that with the istennissions distant (The effect upon 
the sensibility was heightened by the rapidity, a subject to which I shall 
recur in the following chapter). The phenomena changed; and the isolated 
muscular contraction was followed by energetic contractions due to reflex 
action. The very acute sensation experienced by the patient had l>eea trans- 
mitted to the nervoas centres, and had produced reflex contraction. 

It follows from the above that reflex contractions aro produced 
during electro-muscular excitation only in certain patiiological 
conditions ; and that it is possible even in these conditions to 
make individual muscles contract singly, by directing upon them 
an induced current of slow intermissions, so as to produce only a 
moderate sensation. 

It appears also to be shown that reElex action is more readily 
provoked by excitation of the skin, than by excitation of the 
muscular sensibility. 

I used to accumulate here proofs in refutation of the objee- 
tiona urgerl against localized electrization in 1848 ; and, if I still 
lecor to them, it is because a distinguished writer, M. J, Gu^rin, to 
whom science is indebted for valuable contributions on muscular 
pathology, has attempted, in a critical article published in the 
' Gazette M^cale,' by objections founded upon the reHex action 
the cord, to set aside localized electrization, and all the 
mrches that flow from it, 

i'rom the whole of the facts, it appears, in the plainest manner, 
it electrization will cause a muscle to contract singly, without 
(provoking other muscles to reflex contractions, even in the states 
most favourable to the latter phenomena. 

It has hence been possible for me to create this method, which 
electric excitation to each of the organs, without its being 
ary to puncture or incise the skin, I shall now endeavour 
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the mirface of the same muscle. It is neresRary that the extremities 
of the excitora should always be at least two centiraetrea distant 
from etu.'h other. The force of the disflmrge is regulated by the 
ntiniljer of revolutions of the plate. If ouly a feeble contraction 
be desired, the eicitor K is brought near to the skin after one or 
I two turns only. To obtain a stronger contraction, a greater or less 
I number of additional turns must precede the discharge. It may 
lui|i[*en, however, from error or inadvertence, that the jar is too 
powerfnlly charged ; and that its discharge may produce either a 
very strong contraction, or an action tliat penetrates to one of the 
Deiglibonring muscles, or a very painful sensation, that is followed 
by general excitement contra-indicated in the particular case. It 
is to avoid such mischances, troublesome and sometimes dangerous, 
that I use Lane's electrometer. Of its two uprights, H and P, 
the former is movable, and can be made to approach or recede 
from the latter by the screw M, A scale of millimetres, placed at 
the base of II, indicates the distance between the balls J' and E'. 
Before discharging the jar upon a muscle, I regulat* the force by 
approximating or separating these balls, according to the degree 
of excitability of the muscle, the region in which it is situated, 
and the therapeutic end that is desired. If I should be deceiveii 
about the number of turns of the plate, the jar cannot be over- 
charged, because the accumulated vitreous and resinous electricities 
will reunite and neutralize each other between the two knobs E' 
and J', as soon as they acquire sufBcient tension to overcome the 
resistance of the intervening air ; a resistance which is well known 
to be in direct proportion to the distance between the knobs. 

Is it desirable to have recourse to the advantages of the above 
procedure of muscular electrization, in the application of tension 
electricity ? Is it not evident that it concentrates its action upon 
the muscles that require treatment, without exposing healthy 
organs, and especially the nervous centres, to the dangers of an 
inopportune excitation ? The procedure admits of directing very 
strong diacharges upon the muscles, when their pathological con- 
dition needs such, either from atrophy, or from diminution or loss 
of their irritability or sensibility. 

When, on the contrary, the excitors are placed far apart, or one 
of them ifi held, according to common practice, in one hand of the 
patient, while the other is brought near to the diseased organ or 
part on which the therapeutic action of electricity is to be directed, 
we see the local effect complicated by phenomena of shock more 
or less extended or general ; so that we cannot, without danger, 
exceed very weak doses. 

The phenomena of general shock are always the result of ex- 
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(ntation of the nervous centres. They are analogous to an effect 
that I propose to discuss in Chapter III., under electrization by 
reflex action. This excitation of the nervous centrea may, it is 
true, find its indiciition in electro-therapeutics ; but it should at 
least be avoided when the indication does not exist, or when its 
occurrence might be dangerous. It is this method of electrization 
that occasions, in certain conditions, serious accidents, as I shall 
show in the sequel; and yet mountebanks are permitted to practiae 
it in public places ! 

It is a great mistake to suppose it possible to localize electric 

excitation in a muscle, by directing upon its surface the discharges 

of a powerful electric machine. To correct this mistake, it is 

sufScient to analyse the phenomena of interior recomposltion 

which produce a kind of shock in return, and which must neces- 

sarily overrun the whole nervoua system, nhen a portion of the 

I natural electricity by which the body is pervaded escapes from 

ft point on the cutaneous surface, to neutralize electricity of a con- 

[' traiy name proceeding from a machine in movement, 

I Another advant^e in the employment of the Leyden jar is that 

[. it then becomes unnecessary to use an electric machine of large size 

Pud high price; which would with ditBculty find a place in the 

B eoneulting-room of the practitioner. A small machine with a 

1 Bugle conductor, and with a plate fifteen or sixteen inches in 

[ diameter, is sufficient to charge a powerful Leyden jar ; the action 

I" of which may always be diminished at pleasure by Lane's electro- 

L inet«r, used as described above. 



5 II. Muscular electrization hy contact electricili/, or localized 
musevlar galvanization. 

I have said already, in the first chapter, nhicli treats of the 
physiological and therapeutical effects of the different kinds of 
..electricity, that galvanic electricity, administered with an inter- 
nittent current, is distinguished from static, principally in that 
i can be made to penetrate the skin without exciting it, and 
its action can be more easily localized in subcutaneous 
trgaoB. We shall see that galvanic electricity is useful to , 
e electric action in the muscles or in the nerves that supply 

Unfortunately, many inconveniences attend the apph'cation of 
this kind of electricity to muscular electrization. 

The calorific and electrolytic action of galvanism, and its property 

i acutely exciting the retina when apphed to the face, are enough, 

think, to proscribe its employment in the study of muscular 



w 

^^^^M electro-physiology and pathology, oBpeciuIIj tliat which ooDcems 

^^^^p the individuiil muscular action, and the trcatmeDt, by inter- I 

^^^V mittent currents, of paralyses of movement, particnlarly when the 

^^^V treatment requires frequent applications. What I have before 

^^H stated in the preceding (first) chapter, renders it unnecessary to ^ 

f dwell on this part of the Subject. 

b 
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I. — Medical Batteries. 



—Batteri^ of large mirfaee and ivUh inconstant eurrenla. 
For a long period, the only batteries employed in medicine were 
those with inconstant currents, in which the electricity was pro- , 
duced by the action of sulphuric acid npon a plate of zinc; while 
a plate of copper was the collecting element. This waa the pile 
of Volta ; and it was tried in succession in many difTerent forms. 

All these forms, although they were for a long time used exclu- 
sively, have now been abandoned for medical purposes ; becaose 
they lose their power after a short period, and 

Ibecaaee they varj' much during the course of even 
a single experiment, altliougb it may last only from 
ten to fifteen minutes. I shall therefore content 
myself by briefly recalling them by the aid of figures 
and descriptions taken, for the most jiart, from the 
admirable treatise of M, de la Rive.* 
(a). The columnar pile of Volta (fig, 3) is eele- 
brated as being the first form in which the illus- 
trious inventor realized bis conception. It waa 
I speedily abandoned on account of the quick dessica- 
•^ *■ tion of the circles of cloth or of paper which sepa- 

'*'"™'''"'"°'^ mted the disks. 

(b). The wooden trough battery with fixed metallic divisiooe, 

called after its inventor the Cruilrsbank battery (fig. 4), is the 

form in which the great battery waa 

rMMmnVROmimL,.-. made that was presented by Napoleon 

W^^^^^^^'^^^^^^V i^ the. EcolePohjiechnique in ]806. It 

^ -"""^ - y-'' - ^~ »- f< IlJ was with this tliat Gay-Lussac and 

N."*^ "^ \| Th^nard made their experiments in 

■■"IB- *■ 1808. This form has many inconveni- 

igh Bsiiety. enees, especially that it requires much 

time to prepare ; and that, unless the partitions are very securely 

fixed, they allow of communication between the fluid in the several 



f*' lluforiqac et pral/qtu. Paris, 1854, t. i. 
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(e). Tlie Cruikshank battery was replaced by the cylimlrica] 
^lasa battery (lig. 5), already suggested by Volta. and known as 
the crown of <:iips 
(couronne de iasme) 
battery; or by tlif 
porcelain trough bat- 
tery, wiib movable 
metallic el urn en is 
(fig. 6). 

The Royal Insti- 
tution of London 

possesses u butti'ry __ 

of this cons true! ion, 

coDtaintog two thousand puii-s of eieuietits. It was wilh tliis that 
Davy and Faraday conducted their admirable experiiuouta. 

(d). WoiUston's bait ry (fig. 7) differs from the foregoing 
chiefly in baving the etirlace of the copper double that of the aim-, 
by which the power ii 





tig, T.— Wallul.ni'. Buinj. 



(e|. in the Ijatliry of Bfrzeliua (fig. 8), the copper surrounds 
the zinc, without ti'iicUing it, and servt-s to contain the H'jntd. In 
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) its emijloynient lias bcDu attended with iuGODveniencefl J 
that hitve prevented its goner^il adoption ; aitliough it rendered I 
valuable service in the first researehea into elcctro-ma^etism, 

B. — Ba/teries of large surface and with constant currents. 
(a). Bavi^U's hatlen/ (fiff. 9). In 183G, Daniell contrived a J 
battery in which he Huceeeded in avoiding rapid weakening of the ] 
action, or variations 
of the power during 
the passage of the cur- 
rent. It is a battery 
with porous organic 
diaphragms, and with 
two liquids, a sobition 
of sulphnte of copper 
for the copper, and 
acidulated or saline I 
water for the zinc. 
It is highly useful ' 
for protracted experi- 
ments, and especially 
for inquiries into the 
Fie.8.-DMiitJi'Bi»iiKr)-. chemical effects of 

the current 

(b). Qrove's constant latter^/ (fig. 10) resembles that of Daniell ia 
having two kinds of liquid and a diaphi'agin ; but the copper ia 
replaced by platinum, the sulphate of copper 
by nitric acid, and the porous diaphragm 
is of smooth uuglani.'d porcelain. This bat- 
tery 13 the most useful fur the production 
of the electric current ; because it combines 
enormous power with a constancy only Utile 
leas tlian that of Utmiell, 

(e). Buiisen's constant iatl^ry (fig. 11) ia 
a modification of that of Grove by the sub- 
stitutiou of carbon for the platinum. It is 
constant fur a longer period, but is less J 
energetic than that of Grove. It is much | 

in use, especially in Germany. 

■..•';': .; ,-, ..The batteries of Bonijul and of Deleuil I 
differ from ihat'-o/Swi^'h oflly-ifi.the form and place given to I 
the carbon. ■ ■ ; 

Among all the foregoing batteries, that of Daniel! has been ' 
moRt generally employed for medical purposes. 
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I Ifli^ batteries with extensive surface, which are at pre- 
ihiefly used in medicine, arc the inoJified Daniell, the proto- 




of mercary battery of Morie-Davy, the sulphate of lead 
of MariS-Davy, and the batti^ry of Siemens (llemaVs). 
will require more particular description, 
_ , The balloon haitenj of Daniell, by Parelle (fig. 12). t used 
■ long period, for the ap]>licatioQ of contiuuous currents, one 
modifieil Daniell's batteries, which, of 
irma then known, was tbat which furnished 
the most enduruig and most steady, current. + 
Instead of having the jiositive pole within, and 
the negative pole without, as in the original 
form, the poiea of this apparatus had the con- 
trary arrangement. The zinc plates, 14 centi- 
metres in height, were amalgamated, and im- 
mersed in a solution of sea-salt, placed between 
the porous cell and the external vessel. The 
porous cells containing the solution of sulphate 
of copper were aurruounted by glass balloons " '™"' 

(inTcrtcd flasks) full of eryalals of sulphate of copper, moistened 
mth water. This arrangement gave way to the use of n very 
targe jiorous cell, in the midHlu of which was a grating supporting 



■ I, tiilw intniduixd inti) Ihc hallnon. I iiumented in tlio Bolution of BiUjibkle oT 
A. C, lolenil npt'DingB JDtliHtube. D, D. I copper. O, pomun coll isiaUimng the 
unvur of wixm], pierced by two openings i wilutiDn. — nonduotor &xed U> tlui lino 
Tnr tile I'^unlQelom, ■+ ml o( copper ' Uint Biumuniis the poroiu <xU. 
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a conBideraljle quantity of the crystals, and supplying tlie action 
of the battery for a loug period. 

For more than ten yeare, I have had constantly in action, ia 
my room, twenty or twenty-five Daniells elementB of this arrange- 
ment, some to charge my apparatus, others to work a telegraph, 
bells, and an electric clock. To these, when united, I add at 
pleasure a score of other elements of the same kind, nhich I have 
used since 1860, for some new iTivestigatiuus of the action of con- 
tinuous constant currents ; iuvestigfttions, the results of which will 
be stated in Chapter III. 

Well, notwithstanding the greatest care, this pile is far from 
being constant ; and the least change of tejnperaturo is sufficient 
to cause considerable changes in the force of its current lietween 
one day and the next. These variations of temperature increase 
or diminish the concentration of the saliue solutions, whence result 
proportiooate variationa in the strength of the current. To avoid 
these considerable oscillations, it is necessary that the room in 
which the pile is placed should be constantly maintained at the 
same temperature, by an appropriate system of warming. This 
precaution is indispensable iu winter, because a frost will diminish 
the power of the apparatus by one-fourth, one-half, or even more. 
Changes of tenn>erature also occasion damage and accidents to the 
pile, which becomes encrusted, and the porous vases are broken 
by the cryatjillization that takes place in their pores. In summer, 
8 Daniell's battery is always more powerful, because the saline 
solutions are more concentrated ; but it is not the less exposed to 
considerable oaciUations, only not so considerable as in the winter. 
It is said that a ItaniLdl's balloon battery will act for six months ; 
but, under the most fovourable cirimmstaiices, I have always cleaned 
mine at least every three weeks. It requires experience to know 
how dirty and tedious is that manipulation ; and it will be found 
necessary, on each occasion, to replace a greater or less number 
of the porous cells, and of the "balloons, so that the maintenance of 
the apparatus becomes somewhat costly. 

{e). Marie- Davy's baiterif of protosulphate of inereury. The de- 
sideratum that I have poinled out appears to me to be fiJfiUed,- 
in great me;isure, by the protosulphate of meriiury battery of M. 
Marie-Davy (fig. 13).' Tbis battery lias been used at the Ministry 
of the Interior, for the service of the electric telegraph, for a period 
of eight months, requiring no other care during that time, than 
an occasional addition of water to supply the loss by evaporation. 
The current ajipears to have been, in this application to ti'legraphy, 

' M. Murie-DaTj preKntnl his battery to tbo Acuiliim} of ScioQCCa in 1894. 




MEDICAI, BATTERIES. 



.13 




poroi 
I of D 

\ mere 



as constant as that of a Danieli's pile. I have foiistructed in 
my rooms a battery of proto-eulphate of mercury, of forty ele- 
menta, like that used at the Ministry of the 
Interior. I have kept it in action for com- 
parison with the Daniell's buttery, and for ' 
the performance of some new electro-phys 
ological and therapeutical experiments uiw 
the moat constant currents. During nior 
than eight mimths it has been in action, 
preserving nearly all its original power. I 
have simply jKHired into it, from time to 
time, a little water to fill up the cells. This 
battery has not appeared to me to be so 
sensitive to variations of temperature as 
that of Daniell ; and, during the winter, it has not broken a single 
porous cell. Its elements have only one-third the surface of those 
of Daniell ; and, consequently, it occupies much less apace, and 
JTB3 a smaller quantity of electricity. It possesses, however, a 
iter electro-motive power than the battery of Daniell. 

TJnquestionably, in some respects, the battery of sulphate of 
mercury is inferior to Daniell's. Thus it polarises more ; and 
wastes more rapidly under the influence of closure of the current 
by a metallic conductor, especially when the current is too long 
closed. My electric clock, for example, which closes the circuit 
for one-half of each second, exhausts in a few days (in three days) 
a sulphate of mercury battery, the porous cell of which has been 
tilled by the salt ; although it will go for three weeks with a 
Daniell's batterj'. preserving a sufficient force. 

Fortunately, however, this jwlarisation and rapid exhaustion of 
tlie sulphate of mercury pile, under the influence of too prolonged 
a current, are not observed, or only in a slight degree, when the 
intra-polar conductor is organic, or, in other words, is a bad con- 
ductor. Thus I have passed a continuous current from my pile, 
fur twenty or thirty minutes, through the upper limbs, the bands 
being placed in basins of water, and each hand holding an elec- 
trode, without the ciirrent being mnch enfeebled after the operation. 
~\ir medical uses the importance of this fact is manifest. 

One of the greatest inconveniences attending a Daniell's pile, 
ially for medical purposes, is that it exhausts and tarnishes 

[If in repose nearly as much as in action. Fifteen elements of 

r Daniell's pile had been at work tor three weeks, for the ap- 
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paratuH in my rooms, lor my bplls, chamber telcgmjili. and plcctrioi 
clock, while ulhor fifteen elements luwl k^on itt n-st fur the 
period. The latter were nearly ax iimrh iwilo'l niui imfeebled 
the former, 

I shall show hen'ofter how, l>y nieana of an a]<parati]s that I 
have called the iaolaior and distrSrulor of the hatiery curreTUtf 
I have been able to moderate this rapid exliuiietion. The Bul|ihattt 
of mercury battery, however, wastes but littlp dnrin-i the iatcrralt 
of ita application, and may, without ilonbt, l)e kept in activity 
considerable time, as much as six or eight months, for pertain 
purposes. The power to preecrvo a siiljihate of mercury battetj' 
tor BO long a time without having to devott> to it inceRsant cars, 
gives it an incontestable sujieriority over tho Daiiieira; and t 
aggregate of all thesi; advantages induces me to give the pi 
fereuee to the sulphate of mercury, for the application of pOtt* 
tinuous currents for physiolt^cal and therapeutical purposes. 

The description of this battery is notyot to be fonnl in stJindard 
worka ; and 1 will therefore describe here the one that I liave had 
couutructed upon the model of that at the Ministry of the Interior.. 
■Each element is composed (1) of an exterior glass cylinder (V, tig.] 
13) ; (2) of a cylinder of zinc, Z ; (3) of a porous cylindrical cell, 
D ; and of a piece of carbon, C, placed within it The external 
cylinder, i-iglit centimetres high and six in diameter, is one-third 
full of water, in which is immersed the zinc. This is seven centi- 
metres high, and is formed into a cylinder four centimetres and a 
half in diameter. The pi>rou9 cell, us high as the zinc imd three- 
and-a-tialf centimetres in diameter, is a third full of paste of 
protosulphate of mercury,' in which is placed a piece of carbon 
twelve centimetres high, two-and-a-hiilf wide, and twelve milli- 
metres in thickness. A plate of copper, riveted and snldered at 
one extremity to the zinc of one element, is placed in communica- 
tion with the carlmn of the next. It is unnecessary to sav that a 
battery formed of forty of euth elements U put together iiko all 
other batteries for obtaining physiological effects. The details are 
given in elementary treatises on physics. Many inconveniences 
have led me to doubt tlie excellence of tliia battery. The plates 
of copper oxidize rai)idly at their fioinla of contact with the 
carbon ; and break on account of their amalgamation with 
the mercury. I have obviated these inconveniences by giving the 
pieces of carbon such a height that the acid mercurial solution 

• Tn make the pa«lc, it anfflpi™t iiuan- [ it iiito n paatd. The prppmition libnulil 
lity (if water ahonUi lie jxmnid upon i be niiulo at thLi tinio of Hutting up tiii! 
L'uougli imwderDil proto-Bul|ihii[o of umi- iiilu. 
r.'iiry Tor alt tlic plumeula, and diixed with I 
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i with difTIcnlty to the point of ronlact ; find I have cheokeil 

aftiis hy dipjiin^ th<> upper eml of ^aeh carbon in mcltcM 

which, in eoolinir, tills the pores into which it has penctrate<). 

Far prenter firmness, I have covered thia npper en<i with a coat of 

Tarnish, except at the points of contact. Lastly, I have plntinized 

the plates i>f ii>pper at thpir jmiuts of oontact. 

(f). Marie-Davy'* tnlphaie of lead haiiery. — The high price of 
protosulphnte of mercTirv has probably rtixid in the way of it« 
iDtrodnction into common use. This would f'oubtless be foreseen 
by the inventor; who hns employed himself in endeavours to 
remove the obstacle. Moreover, the buttery leaves us soraethiuf: 
to desire, as I have said, with regard to the constancy of its 
action. 

It has occurred to this ingenions physicist: (I) to replace the 
mercnriiil paste by a paste made with powdered snlpliate of lead 
and a saturated solution of marine salt ; (2) to sub^itute for the 
carbon a thin plate of tinned eopper, seven lenlimelres square, 
and roiled npon itself; (3) to till the space between the porous 
eel] and the external vessel with a concentrated solution of 
marine salt ; (4) to coat with tin the plates of copper that form 
the connections betwecji the two parts (zinc and lead) of the 
battery. 

Thus formed, the sulphate of lead battery affords a current of 
the greatest constancy. In a damp place and in. an even tem- 
peralore it has been in action for more than a year in my room, 
requiring no farther care than to replenish the saline solution 
from time to time, so as to keep it alwitys at nearly the same level. 
It is mach Jeaa costly to procure or to maintain than the battery 
witli sulphate of men urj' ; and for all these reasons I prefer it t>< 
all others for the application of continuous or interruptid voltaic 
currents. But, as its etectro-motor Ibrce is lees by one-half than 
that of the sulpliatc of mercury, I have found it necessary to 
increase the nunjber of the elements in order to meet the demands 
of prectice. Moreover, its bulk is such that it is va\y applicable 
in my o^n house. 

(g). Siemens' laHery (called also Kemak's). — Quito recently, a 
battery, invented by a vcrj' distinguished Prussian engineer, M. 
Siemens, has been much extolled in Germany. It is often called 
also Bemak's battery ; from his having rendered its use general 
in medical practice. 

This battery of Siemens' (fig. 14) is no more than a modification 
of Daiiii-ll's, in whii.-h the inventor has sought chiefly to iucrense 
resistance by placing between the porous cell that cont^is the 
sulphate of co|>per and the nnc a paste of paper and sawdust 
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moistened with wnler, und by ini'reHsini; L^unsidt^rably tlie distune 
Ix'twcen ihe zinc and the puronH c^^ll. Tliis purticular Hirangfl 
ment iifTKrds llie moxt constant current of uny of the modificaticn) 
of Uaniell, and it is the one which will wor 
for the ltiTi;ri'*'t time, tliey say, without rt 
ijuiriti^ tu be tou<-tied. Can it lie said ths 
it is not necesMury to renew from time to tim 
the crystald of siiljihate of opper roiitttinM 
in the glttss tube? After having become coir 
HJilerahly weaker during the fii-st thret- or foiul 
^ef-kn, a Siemens' battery will, indeed, remoi 
ueiirly stationary for a year or more. If il 
only bei-omes coiiatunt when it has lost threo^ 
fuurtha of ita power, this is paying a littl^ 
ilearly for the constancy. 
This battery, which is quite sufficiently <iear, is excellent for th^ 
application in medicine ol' continuous constant currents, but i 
defective for all other purposes. 

For this reason I etill prefer the em|iIoyinent of the sulphate o 
lead. It furnishes n current not less constant, it will work for u 
long time, not requiring to be cleaned, or to have the sulphate 
leafl renewed, before the lapse of about a year ; it requires no othei 
care than to pour, from lime to time, a little salt water between 
the porous cell and tlie external vessel; its electrolj-tic action i* 
not considerable ; it is adapted for the application of continuous and 
constant currents to therajieutics or to physiological experimeotA ;', 
and it will at the same time work my domestic telegraph and my 
electric clock ; and, finally, it is moderate in price, and not too 
bulky. 

llitdKrer'a Battery iinth l.i/tlntf Afparatui. — Stiihrer, of Drpsdcit, has con- 
strncted a very exct-llent batterj for medical porposes. Thu bntter; consists 
uf cftrbon and zinc, witlioiit an earthenware cell. The carbon (Br. 15), 
liullow witliin, Hlled willi eaud, itnd closed liy a gloss ntoppcr, serves for the 
reception of a coaoentrated solution of chromio acid in water. Of this 
solution, ten or twelve drops will siillice for a long time. In daily and 
contiDued use, this portion rouBt be renewed as oft«u as the diluted flulphurie 
acid in the glaai. The ainc surroanda the carbon; but is kept from 
conUct by glass insulators. These elements sre placed in a circular glass 
uell, which serves for ihe reception of diluted sulphuric acid. This cell 



' A, porous dinpbragm ceo 
the gluBH tubo B, Olli'd with u an 
Kalphato of iviiiiet Bud with cryatahi. ' 
0. plitW of cO|ipc!T flxeil in Ibe poruiu 
dinphrn^ilDi, and (xinuaunicatiag with the 
exterior hy the wire C. '£, a cylinder uf 
zinc nirmunding the glnss tube, and 
ivimninntoating with the eilerior by thr 



Z'. D, [aj-te nf paper placed 
! dinphntgni und tlie estemal 
uwi, unil Ik-Iiw the xinc. E, saw-duat. 
Uiiig >i[l thi' Bpftce between ths glssa 
Libe, the nxU'riial vase, and the paper 
astf. Thu whole of the Uttery U 
loistrncHl with wsW. 
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Ki amui);e(l in the romjileted apporattis. that it can he moved vertically up 
ami (lonii: iiiiil mil be lixol at anj point. Bj this orrangcnieiit, the soid can 





the latter cose, the acid will only fill the tower third of the glass. The 
odvaiitages ariaing bam bein^ able to remoTe the eleinents at once and 
without difficulty from the eieiting fluid, and from the equal fcciUty with 
which tliej may be brought into action, are obvious. If the battery he in 
dafly use, the zinc would require to berc-ainaJgiLmat«d,and the acids renewed 
every six or eight weeks. Twenty-four or more putrs of the elements are 
arranged upon a stand to fonu a battery for medical use. 

MairkBHTi Bafteri/. —Thh form of battery, as adapted for medical purposes 
t^ Mr. Becker, of the firm of Messrs. Elliott Brothers, m in use &t the National 
Hospital for the Paralysed and Epileptic. It Ib a modification of Saniell's 
battery, and has been lai^ely employed in this country for the electric telE^TBph. 
The tension of the battery is low, init the action is very uniform. The el&- 
mentn consist of a zinc plate (fig. 16, z), uuamalganiated (3jt x If >c j^ inches), 
and of a thin co)iper plate, 3Jx3} inches (fig. 16, c). The copper plate 
is immersed iu a sohilion of siilphate of copper, placed in a porous ceU 
(6g. 16, p); the zinc plate is immersed in simple water, contained, witli the 
porous cell and its contents, in a quadrangDlar porcelain vessel. The porce~ 
tain vessels are constructed in couples, each holding two pairs of elements, 
and five of thei4e conpl£« are packed in a strong oak box. The arrange- 
ment of the battery adopted at the National Hospital for the Paralysed and 
Epileptic, as least complex, is that shown in fig. 17, in which ten lioies, con- 
taining 100 pairs of elements, arc placed upon a simple open stand. 

In nsiiig this battery for medical purposes, Edngle pairs of elements ore not 
broutfht into action. The pairs, to the eightieth pair, are grouped in sets of 
five: and the remaining twenty are grouped in tens. The terminal wirea 
of the cells thun arrsngcd. are attached to buttons in rear of two re- 
volving discs, nunilx^rcd rtspc^ctively from 5 to 4-5, and from 50 to 100; 
and by turning the discs, the operator, without detaching the conducting 
wires witli which the rlieopliores are connected with the instrument, can 
t>ring into play the current from as many sets of cells bk he desires. 

When in daily use, the cells require to be recharged, and the zinc platee 
cleaned every two months; and new xinc plates are needed every eighteen 




of ditDinatioB at any ^nvn tiBM. n order that be m^ ietermaae tke maabtr 
of ocHii tn be n*ed. 'Die gsiniMmeter cot] hnaboatcae nail iBBrtaiKr> and 
in tbc font of the tnotratiKnt a bobMn m inmattd, vbidi Ihb khnt 130 nnita^ 
rtmktUMiK, and whieb hM do iaiaeooo oo the iwrii* Thv vUiliMHl 
boUtn ia ioa«n«d to make Uw leaiBUim of tbe galmicmets wm ■!■! i 
M w) to the rtMUtance of tbe batterjr itwlt ![b« tenniiiaJa an ' ' 

inOi ft no^ omnraiitator, io ttat tlw ennait cm be nwk to tn 
gllvaooiDMer or Mrt. 
Wben the tntterj ii in perfect actkm, it has b«ti fomid tliat — 
5 cells give 45" dcflectka. 



50 
100 



71" 
73^ 



Hhotild flvL' r«ll8 prro only 2ir deflection, the ):iatUTy wonld be half its I 
•tienicth (if fur the eakc of illniitr'ition ve tnko the anfilce for tlio expiesEiaii 
of the stn-Dgth ini't*^ of the langente), and a lii(:!ier numlier of cells shontd 
be itlared m pictiim. wheru liefore five wen; i-ufficjent. 

To dhow how luldlliuiial nwiilonpe thrown into the circuit affects tho ^ 
retuimg trf llm (nlvanumetur, the following obBcrrations were made by ' 
Mr. Bei'kt-r. Whun 100 wlls are nhtd, then— 
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10,000 B A unite in cireoil, ^vo ISP deSocUoa. 
5.000 „ ., 25= „ 

3,000 „ ,. 3y „ 

a,ooo „ „ 41' 



r 

I This table may giTO a hint to tho operator, in what decree the resif:taiicc of 

more or less of the hnman body inflnencis the effective eticngth of the 

I hftttery, although it mniit t« Inme in mind that the human body has a very 

I variable i«sistance. 

Tho Bfier-JUuir!>ta-l fia Utry has been in use nt the National Hoepital Ibr the 
ParalyBod and Epileplie, and in my own priYate residence for $eTeral years.' 
With ordiuar; watchfulness of its state of ui.'tion, and care as to Hilarity 
in re-charging and elcansin);. it has proved a very effective and tmstworlliy 
instrument. For a liied, large snrfaee, couRtant-cnrrent lattery, it ia the 
form best fitted, to the pifcnt, to meet the wants of the English practitioner. 
For, from the large estent to which Mnirhe^d'e battery is used (or the electric 
telegmph in the kingdom, little difficnlty is experienced in making pxxi 
ncciitental damage, or ncce^ary deterioratioDS, at a reasonable coet. More- 
over, from tliu simplicity in detail of the instmmcnt, it can be cleaned, 
re-charged, and repaired with fticility by a person of ordinary inteltigence. — 
//. v.] 

C. — Portable latteries of amaU surface. 

In onler to (limiuish certain inconveniences of the I«tteriesof 
large siirfare, instrumenta have been designed composed of a great 
Dumber of small elements, which can be combineil within a niirraw 
compass; and whirh, in liLlle bulk, possess enfticient electro-njotor 
power, withont oiir having to fear too great calorific or electrolytic 
action. 

I proceed to give a description of several forms of these small 
electro-motor iustnimenfs, which constitute a real pn^iress as 
regards their therapeutical application in certain cases ; although 
they are, for the most jMirt, far from combining all the conditions 
that are to be desire<I. 

{a). Gaijfe's portahie hailenj of chloridn of aUver. — M. A, Gaiffe, 
fevourably knon'u by the ingenious arrangements of his instruments 
for medical electricity, has sent me a descrijilion, or rather a 
detail, of a portable battery of constant continuous current that 
he hua consiructed. It is the chloride of silver battery of MiL 
Marie-Davy, E. Be&perel, and Warren de la Rue ; who, at dif- 
ferent times, have made communications with regard to it The 
original idea bekinga to 51. Marie-Davy;' and JL Gaiffe has 

' [In my own Uouae the buttery is mratal mndca of [waking, if meh be re- 

pbudlinadaeotantlK an» Hoor. iiiid the quirwl. Giving off no fuinei or odours, 

ooodncling virea irjth i\Uea brought into it nmy be pliuvd ia ony rooin without 

tho couamtiDg-niom, I may luld. inci- heaitstinn, uever bnioming offensive, — 

iloittally, that Ihia form of battery Irnda 11. T.] 
timlf very teadily to ingenioua anil oirua- * Siv. for tlie nicthoi) of rc-ehaiging 
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rendered it applicable to mclical uses by Ibe improyementa that \ 
he faaa iDtrodnced. Tlic fulluwing ts the notii'e ^nt to me on tha J 
subject ; — 

'■ The apparatus (fig. IS) b fitted in a box, the size of which J 
depends upon the nnmber of elements that it contains. The l>oz ] 




Fig. IS.— Odffe^ portnUc taOaij > 



for thirty-iiix pairs, represented in fig. 18, is 2U t-entimetres high, 
'li) lonjr.'and 18 wide. 

" A double top C D E F, which forms tlie upper part of the 
box and covers the battery, screes to support the various ap- 
pendages necessary for the use of the instrument. These are, 
A, A', electrodes which deliver the current, and fi oin which the con- 
ducting wires procfcd ; M, II', hflud]i;.s by which to combine, in 
greater or less numlter, tlie elements of the battery, and to direct 
the current in the course desired ; G, a galvanoscope, serving to 
show the passage of the current. 

"All the pairs, being identic^ in size and arrangement, can be 
placed in the box one for another; and tliey are so constructed 
that they can only lie jilaced in a position proper for their being 
combined. The various contacts are mode automatically by 
putting the elements in place. 



tl;e eelli, the fourth page or H. Oaiffe'a I inBtmnunit Tor tb<? c 
priDlai imtnmtiniu The cells are that Tor the induced pi 
charged in the taxan mumer in the | 
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" This general arrangeinent of the instrument greatly simplifies 
its mauipulatioQ, and will promote the exteuded employment of 
the continuous current. 

■■ A pair of elements with chloride of silver, having eight square 
centimetres of working zinc surrace. will correspond, as regards 
quantity, to a new and well charged pair of Bemak's. The electro- 
motor force is a littl-i- less, about in the ratio of 5 to 6. In order 
to obtain the equivalent of a cumbrous Remak's battery of 24 
pairs, it ia sufficient to have 36 pairs of chloride of silver with 
eight centimetres of surface. 

" Lastly, the cost of the battery does not exceed thirty centimes 
the working hour, when the human body forms part of the circuit," 

I have now experimented with this battery for about a month, 
and have been well satisfied with the results obtained. Its 
transport is as easy as that of an induction instraraenl ; and its 
application requires none of the manipulation inevitable in the 
use of other batteries; but I have not had it under observation 
sufficiently long to be able to determine its actual value, or to say 
how far it fulfils the promises of the inventor with regard to its 
electro-raoior force, and with regard to the constancy of its con- 
tinuous current. 

(fc). Small columnar ^ile of the Conservatoire des Arts e( Metiers. — 
There has luug been made in England a small columnar battery 
(a diminutive of Volla's pile), of which each disk, formed of two 
plates of copper and zinc soldered together, has a diameter of 
about one centimetre and a half. This battery ia formed of a 
greater or less number of couples. The disks, and the circles of 
cloth which separate the couples, all have a central perforation, by 
which they are strung on to a cotton wick, so as to form a little 
column. To excite the battery, the whole ia dipped in vinegar. 
The circles of cloth and the cotton wick remain impregnated with 
the liquid for some time after they are xvithdrawn from it. The 
current of this pile is sufficiently steady ; because the acid used 
(vinegar) attacks the metal plates slightly. 

This little pile occupies only a small space, but it requires to be 
cleaned after every time of using, and thus occasions much loss of 
time. From the number and the small surfaces of its elements, it 
increases the physiological power of the battery while diminisiiing 
its bulk and calorific action. This was evidently an improvement, 
the utiliry of which, unfortunately, was little understood, for the 
apparatus has remained almost unknown ; aud the idea which 
governs its coustrnction Las been too long neglected. 

[ffammtmiTi cotumnar ?««ci-y.— Dr. William A. Hfliamoml, of New York, 
has deviEied a very ingenious columimr b&ttet^, n( the eSects of which he 
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■[■■li to; It^hlTi vhoi be hoe had occ&sion to make lue of the inte 
gihwiic enmnt in the Irektment of iafcctile pRrsljais, the TUictr b 
"txfmc' aitd to which Dnchenne has giveo the designatjoa " &tlir kln<phic 

IWliljBiS of iabacj" (jianJgiit atropjii/tut ^rauHHw rf« fef/atier). ^K 

Mlawiiie is Dc Bannnoad's description of this iiislniin«Bt :— 

data of A eeiits of eleDaeote fe»TDed of platefi of perforated ziue 
-, u ibown in fig. 19. Tbeee plates ue soldered toeether, t]ie 
ng bent over at the sides, the zinc laid upon it, and the two 
Mdltiy fiwtened. A thin piece of wood is then plAc«d between the pUles, 
to prevent their being pressed together. The elemetiU rest npon a pWe of 
bara robber, and ore kept in place bj fonr hard rubber rods. Two other 
piBtM of hard robber, baring each a large hole in the centre, and four holes 
for the rods, rest on the top. These are kept in place bj pins which {mm 
tliimigh ho\t» in [he rods. The whole i» hong to an iron or brass EUpport 
u riiown in the fi^re, ami a saucer nnderncatb catches the vinegar oscd to 
•et the instrament in action. 

" To arrange tlie apparatus, an element with a copper wire soldered fo 
the copper plate, is plaiced upon the lower piece of hard rubber; upon the 
element, a piece of fltumcl, and so on. The eleiuentE are fc p]«M»d that 
tlie copper IB alwuf s below. The laet element has a piece of copper wire 
soldcrca to the zinc plate. Insolated wires are used to connect the polee 
with the electrodes. 

"To set the apparatus in action, strong rini^r is poured npon the top. 
It pasies tbrpugn the elemcntfi, and molEtens the llaimel. If the plates 
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were not perfnratcd the flannel would only be moietcned at the edt;eB, ond 
thns a great loss of (Mwer would be the resalt. 

" Copper ganze nisy be nsed instead of perfonitad copper plates."' — 'The 
Qnnrterly Jonrnal of P^iychological Mediiino and Medical Jorisprudence,' 
T0l.i. pp. 62,63.)— Z?.^.] 

(c). Galvanic chains of Oolberffer and of PuivermacJier. — Of late 
years tiie little Toltoic instnimenta kiiowu aa galvanic chains have 
been introdnced. They rest on the same principles as the fore- 
fioiiij; ; that is, they are formed of a great number of elements 
having hut small siirfaee. 

Tiie tirst chains of Golberger, which possessed no kind of pro- 
perty, becanse the elements that coinposeti tliem were not disposed 
in the manner necessary to establish a galvanic current, soon gave 
I origin to the galvanic chains of Pulvermacher (figs. 2U and 21). 

Fig. ao.— rulvmiucliert gslronic duu. Ffg. il 

These are admirably combined to produce, in small bulk, galvanic 

currents of great physiological power, with but moderate calorific 

action. Tliey are arranged in the following manner. Each couple 

is formed of a zinc wire, rolled in a close spiral, hut with ita coils 

1 contact, around a cylinder of wood one-and-a-half or two 

I eentdmetres in length and five or six millimetres in diameter. 

k These couples are united together by little rings of copper, the 

[ oopper wire communicating nith the zinc, and vice versa, forming 

I chains varying in length according to tlie intensity that is desired. 

I In this way may be formed batteries of 300 or 400 elements 

I The diains, having been steeped in vinegar, yield currents, and 

fcpresorve this property for many hours; although tbey become 

Imuch weakened in a very sliort time. Pulvermacher's chain, which 
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is thus a happy mollification of the voltaic pi]>>. 1ms been prin- I 
cipally intended to be employt d as a topical applicatiou ; and the J 
electro -cutnneouB excitatiun that it prorluo-s has beeu fuiiDd useful I 
in the treatment of obstinate rheumatoid or neuridgic puiiis. But J 
mtiiiued interniptions duo to its muliility and its rapid ' 
polarieatiou render it an apparatus ill suited for tnu^ndiir eleclrl- ' 
zatioD, and egpeoially for the application of continuous currents. 

[Falvennacher has Tcceutiy eSocied a considerable unprovenieiit in the | 
confitrnctJon of his chain batter;. He has discarded the (ryluidei of wood, and 
substituted for tlie wire thin zinc and copper plate. The dimeusionB of th« | 
elements of the different rawd cbaJus remain the sninc, but each s^ 
is formed of a cylinder of copper plate, perforated "ith longitudinal o 
ingB ; and within the copper cylinder ie a cylinder of zinc without per! 
tiona. The Eine ia Eeparated from immediate contact with the copper by 
a few stout threads. An unbroken link, which forms part of the oopper 
cylinder, serfes as the rotanB for joining the several segments. This constnic- 
tion permits the withdrawal oud renewal of the zinc cylinder when neces- 
aary.— //. T.] 

(d). Rtbbon hatterij of Duchenne. — To avoid the inconvenience of 
mobility of the elements, I conslnicled a small voltaic apparatus, 
resting also on the principle of the multiplication of elements 
with diminution of their surfaces. It was ft)rrned of little cubes, a 
centimetre and a half in height, each composed of a band of zinc 
and a band of copper, folded repeatedly npou themselvefi, and 
separated by a small diaphragm of linen, or, better still, of gold- 
beater's skin. These little cube.**, connected by soldering, and so 
adapted that the bands of copjier communicate with the hands of 
of zinc, were fixed in a wooden frame (fig. 22). 
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rheotome (iostnuuent for PAusiDg iitteriniasions) moving by clock- 
work, and coDDccted with one of the poles, allowed me to obtaiu, at 
pleasure, iutermisdions of greater or less rapidity. 

It is not necessary to deseribe the advantages of this ribbon 
battery, in which the elements are fixed and soldered to one 
another; advantages that I have not found in Pulvermacher's 
chai 

The latter form of battery is only fit to be used for topical 
applications; the former is more trustworthy, and more con- 
venient, when it is wished to produce localized galvanization. 
Lastly, the ribbon battery is more powerful than a Pulver- 
macher's chain, and is not, like it, exposed to a very rapid de- 
terioration. 

(e). Small tension hittery of Al-ph. Mafhteu. — I prefer to ray 
ribbon battery the email electro-motor apparatus represented in 
Conceived in the same spirit, it differs from the ribbon 



lattery in its more ample and more skilful construction, and in 

being easier of management, ratber than in any difference of its 
elements. By means of an ingenious mechanism, forming port 
of tlie apparatus, a continuous current may be used, or one with 
intermissions either very rapid or more or less slow, through a fly- 
wheel which continues to revolve for from ten to fifteen minutes 




BetwMB the Bl «Ui& ■ cknil W ft ^a^ Md Oe ^Me «^- 
miiiiHij Ifci liilliij,ii|lir rllhr ■iiii^ «■ ■iiiMiMiii 
Ob Oe nj^ oe Ac kMib tfci* e*mKB tiB BMkMM. TW 
imi 1 M fiiiiiiiiil hf B iy ■hi I, itekd by ■ nek a 
ne nfid ntanuaaoBs w pv^aEcrl W Af v&miMB«ra ifKB^ 
■crack bflk>tf-«heeL TWAwi^a ' i «e jaiih idby 
■eau of two tootbed w^mI^ ab gnled W&> l7^«fad,aHl 
acting bf meaas of pc£B i^m a Iwar i ia et i l far the pnptw. 
Ead«iMxlpn)^eesadiftn«nMaMnn; Md«Mara^sof 
tbea M pnt m acttoa hf Oe pli? of a ^Ut, waAtA W A»«i^ 
oat the stop ^ 

Od Ae left are tbe b^fiie «««»• N P, far fi^ ^ omh 
doctoo. Fw the coBttDBoiB enraA, tW kmb B nnt he fc 



unlO it is Btt^^ied. The kaob B. whith ^5- be ■■■iil laii 
or ks up lo its ptnit of aneatt fcms lo giad^^ «xA pofeet 
regnluity, the eJeeCnHDotor bree of ihe cvmoL 

Hie PTfiting bqaid haviBg beeo poaied iate the lower caM]«rt- 
menty the elemeab «ie iaweraeJ by jaeenag ^oo Ae kaob E, 
After » few minotesy tbey oiaj be laeedto th^ fioraer |MigtiB«- 

The pDe is charged vkh romiaon nnegar, or with pyroB g aeo m 
aciij, pare or dilated, or with gWal aoetic aod, in the prop urtiu n 
of about ten grammes to the half litre of vatCT, or ereo with aalfc 
and watCT, 

If it be dedred to carry the apparatus about, the liqnid maat be 
emptied oat ; and, this done, the butteir nil c«ntinoe ta actioD far 
a whole day, without a seasiUe diminntion of foive. 

[raranui partailt iatUry. — lL FOVOMX, OT tlv fin *tf UoHO. VlM. 

iukI Oo., bas nM:entI]r designed and coastnicted a partaUe batt^, whitii 
surpasses all utiieis with v^udi I amaoqaamtedforcficiaKT o(aebaa,«ai- 
ractness «iQsist«nt with tSaeaej. and beedoai boat Qte ^mc^aaeca aUeh 
hu often attach to lattctks of which maUncsa of balk is aa mpottint 
cDRdilHio. This battery is fanned <jt SBj pain at Shmc'b ^1^^aon^<■. fai^ad 



tnstnuDCDl ■* awde bf the ianotor, M. A. AlfL Hatliita, 
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into ft tnodsome maboganf box, vhicfa meksnres in leDgtb 14 inctaee, in 
bcmltli 7) inches, wd in lieigfal lOi imdua (fig. 24). The cells omtaioii^ 




the eidting: fluid (diluied Knlphniic add), sad which are constnicted of 
vn]cnnite, ore ftttaohed to an ingcnionsl; dei^sed lifting urangemenL Wben 
the lid of the box is cloeed, and the battel^ is ont of use. the cells and the 
contained eidting fluid are deptovcd beneftUi the elements, and the latter are 
no longer immersed. When the lid of the batter? is raised, to plaf« the 
inetmnient in nee, the cells are elevated and the ekments immersed in 
I^n^rtion to the extent to which the lid is thrown t«<'k. By this arrange- 
ment the zinc is withdrawn frotn the destroctiTe action of the acid when the 
apparatus is not in nse, and the waste of the element may be obviated to tbe 
greatest extent. 1 have need this battery chiefly, as yet, in CKses in which 
the intcnmpted t^alTanic cnrrent has been required for diagnostic or thera- 
peutical purpnees. A battery with the elements similarly arranged, but 
Bomewbat dinereotly pocked (an eariier anangement of H. Foveanx's), was 
Ui^ty used for six weeks at tbe Naticotal Hospital for the Paialfaed and 
E[Septic, and at the end of that time was stiU eSective. As a portable 
battery, and for diagnoetic purposes, Foreanx's liattery leaves little or 
nothing to he denied. It is exquisitely constructed, and fully supplies a long 
felt need.— J7. I!] 

It has been said already that the calorific and electroljtic 
action is diminished in tbe fonoB of appuratus just described 
(the colnnmar battery, Pal vena acher's chaiu, Duchenne's ribbon 
batter)', Mathien'a battery), bat it b not so mncb diminished that 
it cannot be used in case of need. In fact, all these instrameats 
maj be made entirely to diwrganise tbe skin, oaosing it to pass 
through every stage of burning, when their action is limited to 
tbts organ. They may coiisequentlv repUce, in a wrtaia. 4»igt«e.i 
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ethej' mmy be aade to podace aa 

■ iDdiBStiaM, «kBe tke 
ftm te»am h niia Ji i tg ly alter the f a r— t k » tt the wdiw-. TlMmj 
iriM hste f ti mnh eA the Uienipestie Mpfbaakm of Oe heiinJia 
of mall flnfeoe bftve too ofteB fiirgotten Uie dugen « tfe iBaa^ 
TfltMAoa «f their calorifie or eSecbolrtK aetioB. 

Thaie iaitniBWBti, hani^ the power to prodnee enecgetie 
intttcalar eoBtnetioo, appear, at finrt Dgfit, hkeir to he nrr 
mefnl in the tmlraefit ol penlvsis. UiifortnDal«lr, ther npidlv 
beoome enleebled ; almoet tminediatelT, iodeetl, after kehig aet ia 
BctioiL To illortnte this, it will be sufficient to r^Ute a single 
experimeDt with a Palrermaph^'g chain. I directed an int»^ 
mittent carrent Dpon the biceps of the arm, the apparuos beour 
at ita maximiim. The cantnotion of the mosrle was soeh, at the 
fint tDtennittence, that the fore-ann was Btronglr flexed tmoo 
the ami, aad the patient eiperienced an acute eeiisBtun. Bat the 
Mcond contraction was a little le^ strong than the first, and each 
auccenire contraction became weaker, until, after abnat twenty 
iDtermiflsions, the mnscle scarcely contracted at all, I repeated 
this experiment freqneolly on different muscles, and foond tl»t the 
weakening vas more rapid the more frt-qnent the intermissions. 
The continaoQif current, again, exhatist« the apparatos more quickly 
than the intermittent. These little instruments are potrerful, there- 
fore, — on the condition that they are not set in action ! The weaken- 
ing, howcTer, is only temporary ; and, if the current be out of use 
for a quarter of an hour, the apparatus will recover its original foit*. 

The tcnipornry weakening of these small voltuic piles, even 
under the influence of iateraiittent currents, joined to their 
continual and progressive exhaustion, reu'lers it very difficult to 
nioaxure or calciilate their action. On account of the sources of 
weiikening to which their physiological action is exposed, these 
hatteries of small surface are, it may be conceived, inapplicable to 
the localization of electric excitation in individual muscles or 
nerves, ami especially for the electro-physiological and patho- 
logical researches which require extreme precision. How, in- 
deed, can wo measure a force that is subject to such variations ? 
How can we graduate the dose to the excitability of the organs, 
HO different in different states of health or of disease ? ' 

• If It bo i1(«lrei] to pr'iiiiou deep Mid j pile of M. Greoi't [or the buttery speciftll^ 
rapid nuteriHtiun. oo by n nuixn. It U ' eoniitruiTteil fur tlie piirpoao by Htohnr, 
n<'i«>*U7 to ii»e » boitcry of Urge iur- j ofDresdBn.^H. T.'j 
rani. Ilku that cnntTivnl by M. Itognuult, | ' M. ttenuk, eritieiaing my vtatementH 
mil nlmadf deKrilioil at pngo IG; or, on the action of tlie pUvimiir c^orrent, hw 
■tiU Uilti'r. the powerful Mid iiigenloni | written iGalaiiuilhemfie, Puis, 1860, 
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The considerable and rapid polarization produced in the small 
g^Jvanic batteries by the continuous currents, prevents them from 
lieing usei for the phyaiol<^cal or therapeutical study of such 
currents. 

Among the gulvanic batteries of large surface tliat I have 
de^icribed abote, those only of which the current is most constant, 
and of which the electro-motor force is the greatest, are applicable 
to localized muscular galvanization. 

11. — Opebativb Peocedukes for Localized Galvanization. 
The precepts that it is necessary to observe, in order to practice 
localized muscular galvanization by intermittent currents, are 
absolutely the same with those about to be stated for the practice 
of localized muscular faradization.. 

§ III. — Localized ejectrkalion by induced eJeclricili/, or localized 
muscvXar faradization. 

Of the three kinds of electricity, induced electricity is the most 
fitted for muscular electrization, especially when that operation 
requires to be jiractised frequently, and for a long time. To be 
cuDvinced of this, it is only necessary to recall what has been said 
in the tirst chapter, on tlie special therapeutical and physiological 
eSTects of each kind. Thus faradization excites the most powerful 
muscular contractions, without at the same time acutely exciting 
the cutaneous sensibility, without producing shock, without throw- 
ing the organs into a kind of stupor, without rupturing capillary 
vessels; in a uurd, without occasioning, like static electricity, 
any accidents from which the patients might recover with diffi- 
culty. AVe know, again, that galvanism and faradism possess, 
in a nearly equal degree, the power to penetrate more or less 
deeply bejieath the skin ; or, in other words, to concentrate their 
action on muscles or nerves, without affecting the skin ; but that 
the chemical and physiological properties of faradism are infinitely 
little developed as compared with those of galvanism, and are too 
weak to be appreciable during muscular faradization. We know, 
lastly, that faradization produces only a faint phosphene ; and that 
its action upon the retina does not complicate in a distressing 
manner, like that of galvanism, the electrization of the muscles of 

p. 46) ;— " H. DoFheatte appMn to be I or boa he not imderetood the question 
ifiniuruit of tho diCTeieuco wUth ciiets Ht iaaue, whiob rffera only to eioaU vol- 
bFtwven B nmstant Bud mi iniviutaiit j tnic batteries? I urn Dot bwbts that M. 
chuo; although he lirea in Poru, dcac | Beouuerel'a coostaot cliaiiu liave been 
M, Beoquerel. the celebrated inventor of | uaaiiat medical purposes. 
roiialaDt chains," li thin good bith? | 
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the face. \Vc have, therefore, good reuaon to any that fai 
electricity, which in no way alt«;r8 the tisanes, is 
medical electricity. 

It is when we wi^h to limit exactly the power of electricity an 
oertaio muscles or fasciculi, or U]ioq individuul nerves, that i 
understand the value of faradism, and the need of employing thcM 
induction instruments which unite all the properties tliat I hav^ 
been describing. 

I. — T7te historic 'question. 

Before proceeding to explain the method of localize<l fai 
tioD, of which, whatever may he said by HI. Becquerel, I deei 
myself to be unquestionably the Jnyentor, it is necessary to gli 
at the historic question. 

From the time when the pile of Volta was first applied to electi 
physiolc^cal experiment, all the world lias seen that rheophores, 
placed upon the moist skin, over masses of muscle, called thoae 
masses into contraction at the moment of completing or of 
breaking the circuit. No refinement of observation was needed ii 
order to establish this fact, which, moreover, was mentioned in 
accoants given of physiological esperiments made with voll 
currents, prior to the discovery of induced electricity. 

Still later, when induced currents were for the first time applied 
to electro-physiolt^cal research, it would have been necessary to 
be blind in order not to observe that the rheophores, when placed 
upon moist akin, produced contraction of the muscles beneath, aa 
had long been known to be the case with intermittent galvanic 
currents. 

At the time when I commenced my experimental researcfaea 
upon locaUzed electrization, every one used moist rheophores m 
order to provoke, by their application to the surface of the akin, 
muscular contractions by means of any kind of battery or any 
apparatus of induction. 

It was certainly not with such insufficient ideas, and by such 
coarse methods, that I have been able to establish the method 
that I have called localized electrization, and raore especially 
localized faradization. This method was only really created on 
the day when I discovered the means of confining to the surface 
of the skin the action of even the most intense induced currents; 
and when I had shown, by experiments upon mankind in a normal 
state, as well as in certain pathological conditions, that it was 
possible to make induced currents penetrate the skin without 
exciting it, and to concentrate their action upon the organs 
beneath. It had not really deserved the name of localized elec- 
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trizatioQ until it Iiad been rendered clear hj special anatomical 
and electro-physiological knowledge. Then, with the help of 
induction instruments and of appropriate rheophores, it became 
possible for me to lay down the roles by which electric excitation 
may be limited to different depths, to each muscle, or group of 
muscles, to each nerve, and to a great number of internal organs. 

I am iudebt'id to the use of localized faradization, by the methods 
which 1 am about to explain, for the discovery of the iudividual 
actions of many of the musides." This method, applied to certain 
patholugical and therapeutical investigations, has given very 
beautiful results that have been tested and confirmed by a large 
number of observations.* 



n. — Choice of an ijulacttoti inetrument. 

The choice of a good apparatus is of such importance, in tlie 
practice of localized faradization, that I shull devote a whole 
chapter (Chap. IV.) to the question. The eonaideratioiis that I 
shidi have to set forth cannot be tvell understood uutll I have 
given the anatomical and pliysiological data upon which localizetl 
taradization rests. 

For tlie present I am content to say that, without the proper 
iuslrumeulii, localized faradization could scarcely have been realized, 
and that, without their aid, I could not have oj>ened the way for 
researches in electro-physiology, pathology, and therapeutics, the 
importance of which is now well established. 



* See Ducbenne, Betherehtt e'lecfro- 
phfitiologiipu!* *ur It mAJutiiinHH ile la 
pliSiiovm.e hu,aaine. iSli2 :_ Phj/giolajie 
lb* movemmfa itifmtmtr^e a Faide de 

taOtm iHnigat. 13GG. 

* tJtitil now, I have lieeii Tinwilling to 
niter upon tbo liiBtoriciil qutstiuu thut I 
have thna briotty set forth ; because I 
wish to avoid tbe appeoninoe of glnrifTisg 
my own work. It appeared more suitable 
lo leave the matter to tbiwe nlio were 
di^tereeted witli regard Iw it. 1 find it 
uecesiary, however, to lie more guanled, 
■tniv the iuventioii of my mrtluid 'if 
localixed alectrization ha^ lately betm 
claimed by a phyaieiat oT merit, Mas«>ii, 
Profbrnir at tlio Bnde rolyterhiii(|uc. 
Tbi> {iliilosoplioT baa aoqnired iwnie fame 
in tbe hiatary of induced electricity : but 
atteutinn has cbieSy been dntwn to his 
Dams by tbe incemiDt claima of priority 
that he haa addreued to tbe Academy ot 
ficiiiirea. with regard tn the discovery of 
electricit; by iuduetion. Althoaeh lua I 



wurbg are certainly in no way to be 
compareil to tboBe of tlic illui^aua 
Karadny, atlhougb the Academy lata 
proved tbat hiu prulcnsinna are un- 
I'ounded, hia claims have this mach of 
rcaaoii, that be believes liimaelf to have 
biwn the first to observe tlie pheuomona 
of induction. Bnt how shiill I chatac- 
tnrisc bit nc-w pretemoons, ainc«, notwith- 
standing his ignatMDce of anatomy and 
physiology, be elunis prior.ty of in- 
vcjition for a method of eluctrization 
that oDuld only be created by thu aid 
of ■puciul anatomical and physiological 
r^cATch, and which ifl not applicable 
witluHtt tbe exact knowledge, and the 
observation of the rules, which 1 have 
dnluced from i^ experiments? Auother 
pliysiaist, U. Becquen'l. haa also suji- 
jHirted the pr«teuaionB of Masson before 
tite Academy of Sciences. U» whs 
equally incompetent with him, as regards 
questions of anatomy and clectro-phyuio- 
' — This must bo hia eicuac. 
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lU.—Ckoice of rheoph»reB. 

Muscular feradization is practised, either by conceatratiug the 
electric excitation in a nervous plexus, tiiinlc, or iilament, nhich 
shall couduct it to the muscles dependent upon if, or by directing 
the excitation upon individual muBcles or fasciculi. In these 
different operations, the rheophores should always be brought as 
near as possible to each other. 

The lirst mode of faradization produces general movements; 
tliat is, the contraction of many muscles or of all parts of a single 
muscle; and is called hidireci muteular faradization. The second 
gives more partial movements, from the escitatiou of one muscle, 
part of a muiacle, or a fasciculus; and is called direct muscular 
faradization. 

Each of these modes of faradization requires a special proceeding 
that I will describe. 

It is known that, on placing upon the skin the moist rheophores 
of an induction apparatus, the electricity concentrates its power in 
the organs placed immediately beneath the skin. Consequently, 
to excite muscular contraction, it is necessary to set the rheophores 
on points corresponding to the surface of the muscle or of its nerve ; 
the rheophores being placed in communication with the intra- 
l»oIar extremities of an induction apparatus by metallic conductors. 
For the muscles of the trunk, which have a large surface, 1 apply 
moist sponges contained in cylinders (fig. 25), or metallic disks 
(fig. 26) covered with wet leather. These 
are furnished with insulating handles, as 
in fig, 25. 

To limit the electric action in muscles 
that present only a small surface, as tbose 
of the face, or the int«rossei, I employ 
conical metallic rheophores (figs. 27 and 
28) which screw into separate handles. 
The conical rheophores are covered by 
leafher soaked in water,' and are pressed 
by their extremities to points over the 
muscles to be faradized. They also serve 
me to guide the electric action upon 
nerves, when I practise indirect muscular 
faradization. 

The moist leather which covers the 
' metallic rheophores opposes much less re- 
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siatance than wet sponge to the faradic carreiit. The diEFerence 
is due to the different thickness of the two bad conduclors that 
have to be traversed by 
a corrent directed upon 
the surface of the body. 
Therefore, in certain cir- 1 
cumstances, I prefer the 
metallic rheopbores of large surface (fig. 
also covered with wet leather, to the moist 
sponges ; becanse the former practically increase 
the power of the current. The large metallic 
rheopbores have also the advantage that they 
may be more or less pressed upon the skin, 
ilhout annoying the patient, aa in the case 
of the sponges, by water being freely squeezed 
(ffBt &om them. 
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IV. — Indirect muscular faradization. 

Indirect muscular faradization requires, as 
may be supposed, an exact knowledge of the 
pofiitious and the anatomical relations of the 
nerves. It is most practicable in the limbs, 
where most of the nervous trunks, subcutaneous 

some point of their leugth, are accessible '"^^"J^ij 

rheopbores. rfifopbore. 

In the upper limbs, electrical action can be precisely limited to 
the mcliau nerve, at the inner side of the lower third of the arm, and 
to the ulnar, at its passage along the channel which separates the 
inner cordyle from the olecranon. Faradization of the radial may 
be practised at the outer side of the humerus, at the junction of its 
middle and lower thirds, where tho nerve escapes from the humeral 
ehanneL It would be impossible not to stimulate directly, at the 
same time, some fibres of the triceps and brachialis muscles. The 
miisculoK^taneous nerve may be faradized in the axilla. It is 
also possible to localize the electric action in some terminal 
branches ; for example, in those that supply the muscles of the 
;Shenar eminence, and in the collateral nerves. 

In the lower limbs indirect muscular faradization is still more 
simple. The crural nerve is fuuud in the fold of the groin, 
external to the femoral artery ; and the popliteal nerves in the 
popliteal space. It should be known that electricity will not reach 
'te internal popliteal nerve, which is protected by a great thick- 
of cellular tissue, uuless the current be somewhat powerful. 
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The Bcitttic nerve ia only accessible at its origin in the pelvis, 
through the posterior wall of the rectum. The process for apply- 

l faradization to it will be ex|ilained hereafter. 

In other regions, the practice of indirect musculur faradization 
becomes more difficult and more delicate. On the face, the trunk 
of the portio dura, concealed in the thickness of the parotid, is 
inaccessible to electro-excitation, whatever bo the strength of the 
current. It can be reached at its issue from the stylo-mastoid 
foramen, by introducing a conical rheophore, covered with wet 
leather, into the external auditory meatus, and resting it on the 
lower cartilage ; at this point tlie trunk of the nerve will bo 
distant from the rheophore only three or four millimetres. Ita 
branches may be faradized at their points of emergence from the 
parotiil ; and the contraction of the muscles suppUed by them is a 
certain index th«t they are excited. 

In the supra-clavicular region the rheophore, placed immediately 
aliove the clavicle, acts upon the brachial plexus; at the summit 
of the supra-clavicular triangle it is in relation with the external 
branch of the spinal, at a finger's breadth above the clavicle, and 
over the clavicular attachment of the trapezius the rheophore acts 
upon the uerve which supplies the serratus magnus aud deltoid ; 
at the same distance above tho clavicle, but towards the inferior 
attachment of the stern o-cle id o -mastoid, are the nerves which 
supply tlie pectoral, the flexors of the forearm upon tlie arm, and 
aU tlie muscles of the anterior region of the Ibrearm which receive 
the excitation.' Lastly, over tho scalenus anticus, the electric 
excitation is brought to bear upon the phrenic. I chall explain 
the method which should bo employed for the faradization of this 
nerve, when I speak of the electro physiological and pathological 
study of the diaphragm. The great hypoglossal is almost sub- 
cntaneous at the level of the great comu of the os hyoides, where 
it passes between the stylo-hyoid and the hyo-glossus. At this 
point the rheophores should be placed, when it is desired to fara- 
dize this nerve. I shall speak hereafter of the faradization of the 
glosso-pharyngeal, of the pnen mo-gastric, and of the recurrent. 

V. — Direct muscular faradization. 
Direct muscular faradization consists, as I have already stated, 
in causing each muscle, or fasciculus of muscle, to contract indi- 

> I am certain that, in the diffprF^nt timnt. &u<] oiwajs. on placing Uie iheo- 
pnints above btnted, wo fliid. in the phores on thcBc pnints, 1 hnvo Bnen con- 
initlBl of the brarhiftl plexus, tho nervous tnwtion pnHliieoil ia muacloa which. 
ilbrei wliich go to fonn cadi of tlie i receive apinal Intlucnce from cucb of tho 
iicrvps which Briao fmca it: for I have nerves, 
repeated tho uipurimoDta thoiuauds of i 
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vidnally, or rather, in (Hrectly exciting ihe muscular tiesne, by 
placing moist rheoptiores on points of t^kin corresponding to ite 
surface. 

It is right to administer to a muscle only the dose of electricity 
proportionate to its degree of excitability, whicli is variable with 
ettch. It is therefore necessary that the operator should always 
have one hand at liberty, ready to control, during furadization, the 
gradiiator of the apparatus. The. same hand aerves also to act on 
the intermissions of tiio current tin a manner to be explained 
hereafter). This part of the operation should never be entrusted 
to a stranger, because the physician should relax or press tlie 
movement of the rheotorae, according to particular indications, 
which present tliemseives at any moment, even during the fara- 
dization of a single muself . One hand only, the opposite to that 
which controls tiie graduation of the intermittences, should hold 
and muntsuvrc the rheophores. The handle of one should be 
placed between the thumb and the index, that of the other 
between the middle and ring fingere, the fingers being placed so 
as to keep the handles in the palm of the hand. This method 
permits faradization to be practised with great rapidity. Figs. 
29 and 30 are intended to show the manner of holding the 
rbeophores. 

In lig. 29, the cylindrical theophores, fitted with moist sponges, 
or the disks covered with wet leather, are held in the left hand ; 




while the right regulates the intermittence, by manipulation of the 
screw C. 
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Fig. 30 repi-eBents the conical rheophores, covered with moist 
leatiier, Iield in the left hand, and placed upon the triangular 
muscle of the lips. 

It is always necessary (o place the rheophores over the fleshy 
bodies of the muscles, and never oyer their tendona; because 
(as it is hardly requisite to stale), the stimulation of the latter 
does not produce muscular contraction. 

[Mr. J. Netten Itadetiffe gives tbe apcoinpanyfng illiiBlration (fig. 31) of the 
method of holding the rheophorea (' Ibe Practitioner,' vol. i., p. 2j).— i/. 3'.] 
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In order to faradize a muscle completely, it is necessary thai 
ike moist rheopkores should cover the wJtole of its surface ; and, 
tehefi they are not large enough to do this, tlieg should he applied in 
succession to ail points of the surface. The thicker the substance of 
the mitsde, the more intense should be ilte current ; because a weak 
current wUl only produce excitation of the superficial layers. 

I proceed to develope tbb capital proposition, and to demon- 
strate its truth. 

(o), — When the moist rheopliores are placed on the upper part of 
a long muscle, we see, under the influence of an induced current 
of medium force, this part of the muscle swell, and we feel it 
harden; while, if the same rheophores are placed over the lower 
part of the muscle, the lower part swells and hardens in its turn. 
Uheophores applied to one point of a broad muscle cause contrac- 
tion only of tbe fibres with which they are iu relation ; the neigh- 
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bonriDg fibres retnaiiiing relaxed. It follows that the excitation 
of the muscle only occurs at the points which are bronght into 
connection with the rheophores. 

(b). My researches have shown me that, under the influence of 
an apparatus of strong tension, the electricity penetrates deeply 
into the tissues. The following observations support this pro- 
position. In lead-palsy, as I shall have occasion to show, certain 
muscles of the posterior region of the forearm become atrophied, 
and do not contract under the inSuenco of faradization. If the 
tension of the current be moderate, we do not see any movement 
of the limb when the rheophores are placed over the paralysed 
muscles ; if the tension of the current be very great, we see that 
the muscles situated beneath those paralysed are thrown into cou- 
tracliuu. In the former case, the electric excitation has been 
limited to the paralysed muscles ; in the latter, it has penetrated 
these muscles to act on those covered by them. In very fat or 
oedematous persons electricity does not reach the muscles at alt, 
unless by the aid of a current of strong tension. It follows, &om 
these lacts that, in the practice of direct muscular faradization, the 
tension of the current should be proportioned to the thickness 
both of the muscle to be excited and of the tissues to be traversed. 
It is well understood that in all these experiments care must be 
taken not to excite the muscular nerves ; either by placing the rheo- 
phores at a distance from their emergence or their immersion ; or, 
where the nerves cannot be avoided, by operating with a current of 
moderate tension. In fact, since the moist rheophores are only 
placed in relation with the surlaces of the muscles, and since 
I the muscular nerves enter at the deep surfaces of all superficial 
I muscles, it is certain that the contractions produced by a moderate 
current are not excited ihraugh tlie medium of nerve OQencif. 

(c). When the moist rheophores are applied lo points corre- 

spouiling to the surface of a muscle, the excitation produced by the 

electric recompositions acts simultaneously upon all the anatomical 

elements (muscular fibres, motor, sensitive, and ganglionic nervous 

filaments, arteries and veins) which enter into the compositi<Hi of 

the portion of muscle excited ; while, if the contraction be pro- 

> duced indirectly, that is to say, by placing the rheophores over 

I the motor-tierve trunk, at a distance from the muscle to be 

I excited, only the mnscular fibres are influenced. Consequently, 

I the direct faradization of a muscle is not complete, even when its 

■contraction en masse has been produced by the excitation of its 

■nerve, if the rheophores have not been moved over all the points 

{ eorresponding to the surface of the muscle. 

Need I add that, in the living subject, when the muscles are 
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nnderstand the tlierapeuticjJ importance of direct muscular fara- 
dization. 

Nothint; can be more easy tLan this direct faradization, 
especially in tlie Buperficial regions of the trunk and limbs, to 
tliose who possess any knowledge of surface anatomy. For tlie 
deeper layers of the must'les of the limbs the process is more 
difficult; altiiougli most of these muscles offer some point of 
their tissue that is sub-cutaneous, and accessible to direct excita- 
tion. 

I could show, by a synoptical tiihle, the points on which tbe 
rheophores should be pliiced, in order to practise direct and partial 
faradization of the muscles. But such a work would be beyond 
the limits I have imposed upon myself; and would be of little 
value to those who liave not forgotten their anatomy. The prac- 
titioner who desires to perfect himself in the art of loeaiized 
faradization should, however, study myolof^y from a special point 
of view; and should seek to leam exactly the points at which 
the superficial and the deeper muscles come into relation with the 
surface. With regard to those inaccessible to direct fai'adizalion, 
the number of which is not great, we have always the power to 
excite them indirectly, that is to say, tltrough the medium of their 
motor nerves, 

W.—Exeiiability of nerves and muscies. 

The faradization of a raised nerve or of a mnscle always pro- 
duces, in the normal state, coutraction and sensation. It is very 
important for those who study tlie art of localized faradization, in 
its a]ipli<'ations either to physiology, pathology, or therapeutics, 
to be acquainted with the degree of excitability of the nerve or 
muscle upon which the electric stimulant is directed. If all 
oi^ns possessed the same degree of excitability, the practice of 
this method of faradization would be very easy. It would be 
sufficient to know the thickness of tissue to be travei'sed, and its 
resistance to the current, the proper state of dryness or humidity 
of the skin, and the best form of rheophores for obtaining deep or 
superficial action ; to know superficial muscular anatomy, and the 
points of immersion or emergence of the motor nerves, so as to 
be acquainted with the porta on which the rheo|)hnres should be 
placed, either for tbe direct or indirect excitation of each muscle. 
Unfortunately the matter is not eo eo^ ; since each ot^an, each 
muscle, each uer\'e possesses its own degree of excitability, of con- 
tractility, or of electric sensibility. 

It would be unsuitable to enter at great length into details oii 
this point of tlie subject ; but it is as necessary to mention certain 
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phenomena, ignorance of wliidi might leiul to many errors, and I 
sometimes even to Herioiia accidents. 



r 



k 



A. — Excitability of the motrieiiy of nerves, and the coniradilUy 
of muscles. 

The motrieity * of the external branch of the spinal nerve (re- 
spiraforij nerve of Bell) is the most excitable. Hence the muscles 
or parta of muscles that it supplies will be thrown into action 
by a very feeble electric current. For example, the lower half of 
ihe sterno-cleido-mastoid, and the middle and inferior portions 
of the trapezius, are but little excitable. But, if we direct upon 
the superior half of the sterno-maatoid, or upon the external bonier 
of the upper half (the clavicular portion) of the trapezius, a current . 
that is too weak to produce even the commencement of contraction 
in the other parts of the same muscles, we see the head bent, or 
the shoulder elevated, or the side excited, by a brusque and violent 
movement. If the rheophore is placed over the apex of the supm- 
clavicular triangle, the same movements are energetically produced 
by the eimultaneous contraction of the superior parts of the 
trapezius and of the sterno-mastoid.* It seems to me to follow, 
from this experiment, that the extreme excitability, which exists 
only in limited portions of these muscles, is due to the presence of 
the ext^^roal branch of the spinal nerve. 

I proceed to show the dangers to which the patient is exposed 
during faradization, if tlie operator is not acquainted with the 
important fiict just stated. At the beginning of my researches I 
could not find in writers any warnings to put me on my guard 
against the too numerous accidents that I have had to regret. 
Tlie following, among others, occurred during faradization of the 
trapezius in a case of paralysis of the upper extremity. I had 
directed a tolerably strong current upon the upper half of the 
trapezius ; and then, passing suddenly to the external border of 
that muscle, I placed a rheophore upon the apex of the supra- 
clavicular triangle in such a manner as to touch, at the same time, 
a portion of the upper half of the ster no- mastoid. Tho head 
executed a movement of rotation and inclination so foi-cihle that 
the patient felt something crack, and had acute pain in the neck. 
He also experienced stunning, and tingling in the extremities ; 
and required to be bled immediately. If the apparatus had been 
graduated to its maximum, would there not have been an accident 

' The (HiwCT thiit a nerve puaneases, nprva ig ilistributfii to the upper half 
when iirtiflciully Httmiilatod, to eu^Lte of tlif Hterno-cleidomtutDii, aud to the 
muMular oontrnction, | upper half of the trapcziiia, espeoiallj ut 

* The ettemal branch nf Ihe epinal , its external inirgin. 
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of extreme gravity? This fact led me to the discovery of the 
great excitahiUty of tlie respiratory nerve of Bell, which 1 believe 
to be the most excitable of all the nerves ; but this discovery, as 
we have Been, cost me somewhat dear.' 



* Betnak has critidsed the experiment 
which shows the gnmt exritabilil; of the 
rtspiratoiy nerve of Bell, by mnkiDg, 
and FODunentiiig apon, the eiperimeDts 
foUmring. He has placed a moist 
rhcophore over the occipital ^itremtCj of 
the tnipeiiaE^, and another over the Bpine 
of the scapula, sccordijig to the direction 
of the musaalar fibres, and then passed a 
■Dodrmte indoeed eurreat, &om which be 
obtained only slight contntctions. Id 
uiothor eiperimeut, he left one of tha 
rhmpbotei in its fomuar poiitjoo (eithor , 
that at the occipnt or that at the scapula), 
and placed the other over the border 
ot the trapezios, at the point of entry of 
the acoessoiy nerve of Willis. The same 
eiurent then produced elevation of the 
shoulder and iDclination of the head. 
He haa made analogons eipcrimcnts 
npon tho biceps of the ana, and haa 
obtained einiilsr results, that is to aay, a 
contnK'tion of the mosrle en mane, from 
excitation of its motor nerve, and very 
weak contractions when the rheophores 
were placed over the extremities of the 
muscle. The only rational oonctosion to 
be drawn from theae experiments is that 
exeilatioQ of a motor nt^rve produces 
fnntraction of all the fibrea to which it 
is distributed (and hence a coDsiderable 
movement): while faradization of the 
partd of a mnacle remote from the points 
-' '-- ■- -f emergence ' " — -•-- 



his rheophora entirely npon mnsralar 
fibre, — for instance, a little above the 
middle portion of the border of the tra- 
pezius. — I am sure that he would have 
produced a marked contraction of the 
ejavicular portion of the muscle, which 
he evidently conld not obtain whilst the 
rheophores were placed over the apone- 



tloial if the tenuon of the corrent be 
alight; whence a feeble and limited 
movement. By acting alternately upon 
bare moacle. and upon its nerve, it may 
be seen that this roncluaioQ is perfectly 
«irrert. It is, therefore, not surprising 
that direct fajadiiation should produce 
lew movement than indirect; since a 
much smaller number of muscular fibres 
ore thrown into contraction b^ the 
former. Moreover, in these experiments 
III H. Etemak, the rheophores were placed 
' "' m of the muscle (at the 



same way for the biceps), that is to sa;', 
ocn-ilrvclum in great pari apaneuroiie 'ir 
toi'llnoiu, to that the eontrsictinns would 

neeeaaarily be feeble, because only a few 
mnacnlar fibres would be in relation with 
the rheophoroi. If U. Bemak had placed 



It is plain that it woold be dtffluult 
deduce any strict cunclusion &om 

periments no badly performed. We 
shall see, however, mim his nuumet of 
interpreting them, bow ardent is the 
imagination of U. Bemak. In the first 
place, he fails to see that the difference 
ID the movements obtained in the 
several experiments depends npon the 
fact that, in the one case, tho excitation 
of the mnscalar nerve causes the orm- 
tractiOD of all the Qbres to which it is 
distributed ; while in the other, only a 
small number of fibres, namely those in 
the neighbourhood of the aponeurosis, 
are situated beneath the rheophores and 
thus called into oontractiim. Every one 
else wonld conclude from this that the 
tendinous or aponeurotic flbt«a, in their 
normal state, are not irritable: bnt M. 
Hemak, taking the aponeurotic for mus- 
cular fibres, draws &om his e>[ierimGnts 
the following deduction against the 
Hallerian contractility. " That which 
strikes us the most," be says, " is that 
these experiments, besides their practical 
significance" (this practical significance 
being, according to M. Bemak, that the 
electric current should be exclusively 
directed upon the motor nerve at its 
point of munersion or emergence— a 
retrograde precept as I have shown) 
" eoniribute Msentially to the lolution of 
the question. rupntaUt by itt anligvili/, 
of the to-eallfd irritability." The solu- 
tion of which H. Bemok wishes to speak, 
is the reversal of the doctrine. A little 
above, in fitct, introducing irrelevantly the 
question of the doctrine of itritabilily, he 
has said, " It is scaroely necessary for me 
to point out how little these physiological 
experiments justifv the prefended docfrm 
of Hallerian irritability." 

If M. liemak has only such arguments 
as tbeae in oppoattion to the Hallerian 
irritability, that doctrine has nothing tA 
fear from his attacks. The mierographic 
physiologist should know, better Uian 
any one, that such a question can only 
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B. — ExciiahUity of the Sena^Uty of ifitsc/es. 

It ia of much leas importance to the operator, especially in tlie 
application of faradization to therapeutics, to know the degree of j 
excitability of the motricity of the nerves, or of the electric con- ] 
tractility of the muscles, than to know what is the degree of, 
sensibility developed by the faradization of these nerves or of these 
muscles. It is, indeed, the exaggerated sensibility of certain 
regions, or of certain subjects, that sometimes renders muscular 
faradization impracticable. When I set forth, in the sequel, the 
results of faradization applied to the treatment of certain kinds of 
paralysis, it will be seen bow the exaltation of the electro-muscular 
sensibility can render localized faradization dangerons. It is, 
therefore, upon a knowledge of the degree of excitability of the 
electro-muscular sensibility that the art of localized muscular 
faradization, as applied to treatment, chiefly rests. Although the 
individual differences are greater in this respect than for the electro- 
muscular contractility, I am convinced that it is possible to find an 
average that will serve as a general rule, just as there exists 
an average or ordinary dose of any medicine. 

Without entering into the details of my researches on this 
interesting subject, I purpose to set forth, with regard to the 
excitability of the sensibility of each of the muscles, certain 
general facts which may be guides to the operator in direct 
muscular faradization. 

The electric sensibility is very acute and easily excited in the 
muscles of the face. This ia due to the fifth pair of nerves, from 
which these muscles receive filaments. In fara^lization of the 
facial tnuacles it is necessary to avoid placing the rheophores over 
points corresponding to the infra-orbital or mental nerves. Ex- 
citation of these nerves produces very acute pain, which extends 



be Btndiwl eipcirimi'ntBlIy by plocring 
under the micr<»co|ie a tuiucular fibre, 
nepanited from all Bnatoruical elDDientx □i' 
nerve, and by then subjecting it to aome 
Htimuliu — BUoh, for example, aa that of a 

SlvBuic or an induced curreat. But 
la u precisely what was done by H. 
Lebert, m 1842, with the mnaculBr fibre 
of inwcts, Bud arierwanlB of rabbits, and 
of di^ : it in what luu beoD siuoe diiiiu 
hundreds of IJuu.'a by a K'<-'at nuinber of 
obaervera: and it is done every day by 
H. Hnbin, and in shown in hia cxoelloit 
lectures. If H. Reinak. by chance, 
refusM to see what has Wii seen by 
everybody e\ae, I still ask if he be un- 



acquainted with the reaearcheM of UH. 
CI. Bernard aud Kiilliker upon the action 
of woorora, which destroys imwodialely 
the eicitability of the nerves and of thn 
Hpinal cord, butleovesintnctthe irritabiHqf 
of the muBOular fibre. This partic"'— ^ 
action of the Indiau poison would sn 



trine. Let us add to such facta 
which are furnished by the 
of H. Jiooget, and by daily patholof 
observation, and we obtain an aggrei, 
of proofs sufficient to carry otrnTictfon. 
even to the most obstiaate minds. 



to a distance, — to the incisor teeth, and eometimes to tlie base of 
the orbit. 

Excitation of the frontal nerves, given o£f by the ophthalmic 
nerve of Willis, produces pains which radiate over the head ; and 
it is for this reason that direct faradization of the frontal mnacle, 
which is crossed by these nerves, is very painful. The orbicular 
muscles of the eyelids, the depressor al(e nasi, the levator labii 
superioris alfcque nasi, the quadratus menti, the levator menti, the 
orbicularis oris, and the triangularis menti, are the most excitable. 
The order in which they have been enumerated indicates the 
degree of their senaihility. Next come the zygomaticus major and 
minor, the raasseter, and the buccinator, wldch is comparatively 
little excitable. I rarely faradize the levator angidi oris, for fear 
of acting upon the infra-orbital nerve. 

lu tlie neck the platysma is as excitable as the superior half of 
the sternomastoid, and as the external border of the superior half 
of the trapezius.' The other muscles of the neck are much less 
excitable. 

The pectoralis major, and the muscles of the infra-spinous fossa, 
are moderately sensitive to electric excitation; the deltoid, and 
the muscles of the arm, a little less eo. The muscles of the 
anterior region of the forearm are much more sensitive than those 
of the posterior region. 

The longiasimus dorsi, and the sacrolumbal muscles, have very 
little sensibility. ' 

The muscles of the buttocks, and the tensor v^nse femoris,' are 
very sensitive to electric excitation ; as compared with the muscles 
of the external and posterior regions of the thigh. Those of the 
internal crural region are more sensitive than those of the external 
crural region. 

The muscles of tlie posterior refjion of the leg have very little 
sensibility, when compared with those of the interior and external 
region. 

It is possible to express in numbers the degree of excitability 
of each muscle and nerve; and such investigations will be the 
subject of a special work. I am so familiarised with the practice 
of localized faradization that I am able, with the help of my new 
apparatus, to administer to each muscle or nerve the dose of 
electricity required for the production of an energetic muscular 
ntraction, and that without causing much pain. It requires 

' The eitrane seuEitiveneu of tlio | ' Of the muBclos of the Inwer limbs, 
[datjrnaa leads me to suppose that it lb | the tensor vagiiue femoria is the most 
sapplifd hjr the ezt«nuil branch of the sensitive to electric eicitatina. 
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long study of &Lra<]ization to attain to thi^ degree of certaintr: 
which forttinately does not seem to be absolately necessary for| 
the application of the method to therapeutics. 

It 18 perfectly certain, aa I haye shown, that a rheophore 
ciently moist, and iu perfect contact with the skin, produces do 
eenaations but such as are purely mnscular; nnless it chance to 
be placed over the track of a cntaneoos nerve. Bnt it ronat 
not be forgotten that, at the moment of application to the akin, 
and before the perfect contact is established, a cutaneous blends 
with the muscular sensation. It follows that muscular faradizatioD, 
especially with rapid intermissions, is much more painful at the 
moment when the rheophore is placed in contact with the skiii. 
It is neccj^ary to proceed as follows, in order to avoid exciting the 
mixed and very painful sensation. Before placing the rheophores 
upon the skin, they should be brought into contact with each 
other, flo as to neutralize the current. When they are properly 
pW^ed upon the skin, and lightly pressed down, they may be 
carefully separated a little, so that the electric recomposition may 
take place in the muscle that is to be excited. I adopt also 
another and equally simple method, which consists in .not allowing 
the current to pass until the rheophores are plac«d in position 
over the muscle. 

C. — The poinU of eeUclwn in the praeliee of localized muscular 
faradizaiion. 

The general precepts set forth in this paragraph are perfectly 
clear. The chief of them may be summed up in the following; 
manner. When the electric excitation is localized in a nervous 
trunk, or in the muscular nerves proceeding from it, we have 
indirect muscular faradization ; but when the excitation is applied 
to the muscular tissue, we have direct muscular &radization. 

(o). But, if the precept is clear, the execution is not always easy ; 
especially when it is desired to produce contraction of individual 
muscules or fiisciculi for some electro-physiological purpose. 

The nervous trunks of the limbs are, for the most part, easily 
accessible to rheophores, since they nearly all present some point 
of their continuity immediately beneath the sliin. It is not the 
same with the nerves of the muscles. Some of them, indeed, may- 
be assailed at points remote from the muscles to which they are' 
distributed (as, for example, the phrenic nerve, iu front of the 
scalenus auticus; the nerve of the serratus magnus, above the 
clavicle), and near their points of emergence. With regard tft 
other muscular nerves (those of the limbs), we can neither reacl^ 
tLeir points of emergence or of immersion without acting upon a 
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part of ibe nrnsenliir tissue betund the deep surfuce of wbich they 
are eoni-ealed. This, however, does not prevent the current from 
penetrating to them, when snch an action is required. 

An exact knowledge of the points of emergence and immersion 
of the muscular nerves is absolutely necessary in order to study 
the proper action or the state of the properties of muscles, or 
of those fusciculi which, pbyaiologically considered, are often 
distinct muscles themselves. At the begiiming of my researches, 
I tbund it a matter of the greatest difficulty to limit exactly the 
action of tLe current to each muscular bundle, because I did 
not possess the knowledge. It was necessary to commence new 
anatomical studies, iu order to determine, as exactly as possible 
(because in this resiiect there are certain individual differences), 
the points of exit and of entrance of the nerves ; and by these I 
learnt to avoid the nerves, when I wished to excite single fasciculi ; 
and to excite them, when I wished to obtain the contraction en 
masse of large muscles or fasciculi. 

It is not always sufficient, however, to be able to avoid the 
points of exit or of entrance of the nerves, iu order to obtain 
the isolated contraction of one of the bundles of a muscle. There 
are certain points of election on which the rheophores should be 
placed ; and which must be sought in order to be perfectly known, 
1 will take as an example the extensor communis digitorum. In 
a person in whom the forearm measures twenty-four centimetres 
from the olecranon to the styloid process, the point of emergence 
of the nerve is, as a rule, six centimetres from the epicondyle. 
Before dividing, the nerve has a length of two centimetres ; and 
its point of immersion is at twelve centimetres below the epicon- 
dyle; it being then divided into two brancbes. With these 
anatomical data, it is evident that a rheophore of small surface 
placed over the nerve prior to its division,— that is, over the central 
part of the extensor communis at a point between six and eight 
centimetres below the epicondyle, — will produce simultaneous con- 
traction of all the fasciculi of the muscle, if the current be suffi- 
ciently penetrating to reach the nene. But at twelve centimetres 
below the epicondyle (the point of immersion) the rheophore must 
be brought into relation with two branches in order to produce the 
same effect. In other words, the rheophore must cither cover a 
luge surface, or only one of the branches will be excited, and only 
•o fasciculi will be thrown into contraction. 

If it be desired to obtain isolutt-d contraction of each fasciculus 
td the extensor communis, it will evidently be necessary to avoid 
the nerve before its division, and to seek the points at which the 
muscular fibres constituting each fasciculus become subcutaneous. 
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I These points are : for tbe fasciculus of the index, oa the inner side 

^^_ of the secoud radialia externus (extensor carpi radiidis brevier) at 
^^^L from 10 to 14 centimetres below the epicondyle ; for the fasciculus 
^^^B of the ring fiuger, a little below the epicondyle, on the plane or 
^^H the posterior aspect of tlie ulna. It is requisite, in all these 
^^B operations, to use a current that is only slightly penetrating (that 
^^H of the first helix), and of moderate strenirth ; in order tlrnt the 
^^^B excitation may not reach the deeper layers. 

^^^1 liy following the anatomical data that I have set forth, 1 have 

^^H been able to obtain with certainty, in the first patient presenting 
^^H himself, isolated contraction of the fasciculi of the extensor com- 
^^H mnnis, and also contraction of the other fasciculi that move the 
^^H tuigers and the thumb. 

^^^ (b). It was with reference to the difBculties that the practice of 

localized muscular faradization presents even to an anatomist, if 
not possessed of these data, that I wrote, in the fomter editions, 
the following lines : — " It must not be supposed that it is suiticient 
to know the precepts that I have laid down, and to be an anatomist, 
in order to jHissess completely the art of making each muscle or 
fasciculus contract singly. To attain this degree of skill, it is 
necessary to he initiated into a vast number of details, which I 
caimot enter upon without transgressing the limits that I have laid 
down." 

Remak, misinterpreting inUialed as if it referred to some 
I mystery, played upon the word, and referred to it perpetually 

and maliciously in his brochure. However, having knowledge of 
j the general precepts already laid down, he ought to understand, 

I especially after having seen me make the application, that it would 

I be possible to initiate himself into these anatomical details. He 

^^_ b said since then to have done so, by seeking, in dissections, the 
^^H points of immersion of the muscular nervea* 

* In October, 1B52, REmak did me the contiaot singl;, be adds, "Whoever hi 



hnnniir to be prttieut, with MM. the 
ProfpeHora RiGhtei (of Drcsdon), Jacksr' 
(of Prague), H^ra (of Vienna), bd 
oUierGenDaDanmfUi.ataiAinceBt w' ' 



I demonstrated eiperijuentBliy the funo- (p. 11.) 



uimmles by electricity. 
M. Bemak writes, in tbe brochure already 
cited, tliat this tfaiKe wan of Hucb intrreat 
that be gave . - ■. 



LplanationB were confined to ; the onntractioi 




tbe skill and conGdenoa with wbicb 
he(M.Duchenne) throws the greatmuKles 
into ixnttraction could almoet complain 
of his intention to presorve bis 



Wh(in I ci]><>riment in the prtaence of 
pupils, i habitually rememlmr to eipls ' 
the anatomical reasons that induce mo 
plara the rheopbores upon this 
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The direetioDB giren by ttam^^ fcff obtainiag tba I 
tactioo of • mnwle n noMe teach ikoUui^ aboot Ae [ 
caieisence and of inuneiwiii of the nexTes; and theyoi 
aenc to cd^j- a gencfal mle. Tho^ aeoocdn^ to Un, is onkr 
to nake a mnacle euatiact em maam, h is nocciiy to plaee one 
AfBOfkoge OB m foimt of Ae Imrder t/ tke mmtete taiardM idnA Bte 
taJTMta of Ha menoma irmmt wntm If this prineipAe will hold 
good far SDBO mnac^es, tt will ttoC Icr wianj otben. Id npfoct at 
my anertioK. I will take aa an exa]D[de cue of the maaeles wluek 
it is Mid nay be made to Mntnet bj tfaia piDcediue — the dehoid. 
On whalercr point of the bonier erf that mncle we appty tW 
Aeopboces, we obtain tnlj partial ccotncticisa; an«^a«tlke p lace 
of entiy of the nerre is at the aaian of the upper third of the 
Biasele with the lower t«o4hinls, and of the postenor thiid with 
the ameiior two^hitdi, the rtkeophma eu cnly cneotmter its final 
nunifieatioM. The principle of Bonak ii^ on the eoBtnry. appli- 
eable to the trapenas. Tbe method that be enpk^ to make 







■MB m icfadM with tM Bsn ef Oe I tba ll« adUert 
I L ' WhBlfa^Mifc— >l tfWfi *f fc ■ 

iriliHi a^ T ^^^- "-^-^ -* -^ T- =- "•- ^■— -- IMItmlton 

«<«Wlri|imii.»»aM«ii«ry»>wgi fc» »^«M-ri fcanwfc^? &• 
«• ika* tnHinw tbM I MB Ihea I irnf in wi»bmj e— bJ Um »n fa 
I iiiilMi. Aa otetnal brwKk nf the ' wliid Ota he Hea wtt lie 
«B|aal BovE finn A* eeniol pbuou? i Sath MeMSMkAsaaly 




WBB Ab (oil; he jnimi, 

iMlIbMf nnnte bno* kte, am a^iiv *h 

m ay I iwbbBt W iilri^Li AM he (X. El«- 

MhBsnv >tbenae>>M Mt M aaAeOf bed obod 

- -ba ! Oe — li«ia»l aaaj a b — •( lite Semite 

<tf i (h>l Im iHainai: Mi« Oat he aw. hit 

'Didp of Am rfiPli«ir< pninB fClta 

_ . - - . - . .jtMitlMiaBaaiplwAclierUeopiiiWBi 

MBhm^tfMrtwn«fa»fMftBwa<ia>»' ^MnH be ffcMl) fMrfafa t.> <-JuHt« w 
liiB[iiiii vhieh SB ffcrma H igi — B y db- i oMlwf W Ika triJa W vhurEi ba hm 
■k* III ' ttev wr ma mtrn^ m wrtnrf at bb AMkrf.^ Tiu-n Bxnutlt, 
B«A m p— tin. 1^ poisai ■! uaBiJi | ftir Oa h uuuai af atkHe^ hai IuuubU' »■ 
ti wma. anl plaee (^ ihnphiues in i wsAr Mrf iSam mm AM Ihean bmoiw 
wiiiwiiii II mil 'Tfi parb IhaJIISiim ' paiU*«C dSalkwMB Aa pnidMnr Miy 
«ba I km BiOeit die naptnrfxrr (e\»- nf Ad wiMilar a wwa . CbB iliuiiiaifj' 
vinbV Aa cia<^nr. or Ihe aililiuxir. thr A> priori^ a< Aia <4ian*aq>;, *• 
[iialhM af rtii liiniiinn expertaeMi Ast beai" ' — '-- 

Dariaft k w om I bnim Aat Clu> mimiiit the a ~ ' ' 
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that muscle contract en masse is nearly that which he saw 
practise ia 1852 (without then understandiDg it). I say nearly, 
because Remak states that he places only one rheophore on the 
branch of the accessory nerve of Willis, while the other is placed 
on a point of the muscle. But it is impossible to produce con- 
traction of all the parts constituting tlie trapezius except by 
placing the rheophores on the points of the cervical border of tlio 
muscle at which the two trapezian nerves penetrate: the one on 
the trapezian branch of the spinal (five centimetres above the 
clavicle), the other below the trapezian branch of the cervical 
plexus (three centimetres above the clavicle). Then, on the side 
excited, we see tlie head inclined, the shoulder raised, and the 
scapula drawn towards the median line : then we see the three por- 
tions of the muscle swell, and stand out in relief beneath the skin. 

In 1855' I wrote: "This work (in which would be shown the 
anatomical points on which the rheophores should be placed, in 
order to study the proper action of muscles or of their divisions) 
would certainly be very useful ; but, with the desire to shorten it 
as much as possible, and to facilitate study, I intend to set forth 
the data, at some future time, in a synoptical table with figures. 
This project cannot be put in execution until 1 have entirely 
terminated my researches on muscular electro-physiology."' 

Taking up my idea, and desirous, without doubt, to put it more 
quickly in execution, a German writer, Dr. Ziemssen,^ has shown 
on anatomical plates the points on which the rheophores should be 
placed to produce isolated contraction of muscles ; declaring, in the 
preface to his book, that he wishes to render the employment of 
my method of muscular electrization easy to every practitioner. 

We must not praise this work too much ; for the writer unfor- 
tunately has fallen under the influence of the errors of Remak. 
He says that the method consists solely in always placing the 
rheophores over the points of immersion. Nothing, certainly, can 
be more simple and more easy than this; for which he has only 
needed to use certain anatomical plates, as I had advised in my 
reply to M. Remak. (The points of immersion of the nerves are 
shown with the greatest exactitude in the plates of M. Ludovic 
UirschfeM* As these are drawn to half the natunU size of an 



' Dt CEtectriiuUum lorallt^e. Tenia, 
1855, inSvo. p. 58. 

' It is -well known tbst, since 1855, 1 
have never ceased to exert all my ar- 
tivity in the publication of new eld-tro- 
phjaialoeical reeearvhes. Why. th^n, 
fhould I he BO tiitterly rppfnarhed 
becaiiee I have not yet prepared the 



synnptic&I table? I moiint double n; 
exUtcnce. 

> Ziemsscn, Die ElrctrieilSl in Her 
Medvin. fiecood odition. Berlin, 1866. 

* Ktarolaiiie ; o« DeirripliOTt el Irtmo- 
graphie rfii Sytteme Nerveux. I'ariB, 
1853-4. 
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fadlalt, it is possible, with the help of a compass, to ascertain fxaotly 
the points). 
Since Dr. Ziemssen lias made himself acquainted with my reply 
fa> M. Bemak, he should have understood, it seems to me, after the 
detailed esplanations into which I entered, and which have been 
reproduced above : — 

(I). That my manner of practising direct mnscnlar excitation is 
not that which he has described as being mine. It ie true, indeed, 
that I sometimes place my rheophores over the points of immersion 
or emergence of muscular nerves, in order to produce the con- 
traction en masse of each muscle ; but, again, I sometimes avoid 
these pointa of immersion, in order to obtain isolated action of the 
fasciculi, which often, bdeed, are really independent muscles. 

(2). That it is, consequently, not sufficient to mark, as he has 
dont, the point* of immersion of the muscular nerves ; but that it 
is abo necessary, as I have given an example in p. 8G, to point 
out the spots on which the rheophores should be placed when it 
is desired to throw only single portions or fasciculi into action. 
(These points are not always easy to find; and, as Bemak says, 
I have Bometimes had to seek them empirically.) 

(3). ITjat the figures, on which the points of emergence and of 

mersion of the nerve are marked by a sign, are certainly 

, but that they are not sufficient for practical purposes. It 

' 18 necessary, in fact, and I cite, as an example, the faradization of 

the extensor communis digitorum or of its faocienli, to choose a 

fixed marked [loint, and to make known the average distances 

ftween the marked point and the point of election, 
cm 
: 




Part the Tbird. 
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F Cutaneous electrization may I 
ttic or dynamic electricity. 



I practised by means of either 



§ I. — Blectnzation of the shin hy static electricilif. 

In order to limit static electricity to the skin, it is necessary to 
use only a feeble degree of tension. Indeed, cutaneous excitation, 
by that form of electricity, does not exceed certain degrees of 
tension without penetrating more or less deeply to subcutane- 
ous organs and producing shock. For this reason, the therai>euti(- 
action of cutaneous static electrization, which must be very weak 
n order to be confined to the skin, is seldom indicated and almost 
mays insofficient, as I have shown already in Chapter L 
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^^H § II. — Eledrizaiion of the shin by dynamic dcdricUy ; or eulaneoua 

^^H gahanization. 

r 1 have already said that cutaneous excitation by dynamic 

L electricity is practised by dry rheophores, applied to the dry skia, 

^^H and that the resulting sensation ranges from simple tingling to 

^^K acute pain. It is well known that galvanism does nut act upon 

^^H the skin without causing an alteration more or loss considerable 

^^^1 (vesication or cauterisation): while faradism produces no greater 

^^^1 organic change than little papules or erythema. It follo\\-s that 

^^^1 cutaneous galvanization should only be applied in certain cases ; 

^^H and that cutaneous faradization, which respects the tissues, is one of 

^^^B the most valuable and most frequently indicated therapeutic ^enta. 

^^B § IIL — Electrization of the skin 6y ihe induced current : or cutaneous 
faradizaiion. 
These reasons have determined me to treat specially of cutaneous 
faradization ; the methods of applying wliich are the same as for 
cutaneous galvanization. 

I. — Mode of operating. 

The different electro-cutaneous excitability of different regions 
of tlie body requires the use of different methods of cutaneous 
faradization. The procedures are of three kinds : faradization by 
the electric hand, by solid metallic rheophores, and by electric 
threads. 

Each of these methods possesses a special action, which may be 
rendered available in therapeutics ; and I proceed to describe their 
application, 

A. — 27m dedrio hand. 

In this method a moist rheopbovo is used (a sponge contained in 
a cylinder) like that shown in tig. 25. This is put into communi- 
cation with one pole of the apparatus, and is then applied to some 
insensitive part of the patient's hotly. The other rheophore, in 
communication with the other pole, is held by the operator, who, 
having first dried the skin to be faradized by some absorbent 
powder (lycopodium or rice starch), passes the back of his free 
hand, also dried, over the points which he wishes to excite. 

B. — Solid meiaJlie rkeopJiorea. 
The skin must bo dried as above described ; although if the 
epidermis be very thick aud hard, as it becomes from some oc<;n- 
jutions, and chiedy on the hands and feet, which are often in more 
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or leas continuous contact with air and water, it may be necessary 
sligbtly to moisten the surface, in order that the electric excitation 
may penetrate to the dermis. Large dry metallic rheophores, 
cylindrical, olive-sliaped, or conical, as shown in figs, 27, 28, 30, 
and 31, are then applied to the skin and moved oyer it« earface. 
Rheophores of the first shape are used to excite, by their outer 
face, the skin of the chest and limbs ; the second for faradization 
of the hairy scalp. 

The rheophores should always be moved, more or leas qtuckly, 
over the diseased parts. In certain special cases, when it is desired 
to produce a very strong revulsion over a very small surface, the 
point of the olive may be kept for some time stationary. When 
the conical rheophure is thus employed, it is called by patients the 
electric nail, from their comparing its action to that of a hot nail 
pt>uetrating the skin. Tliis method of procedure is chiefly appli- 
cable to the neighbourhood of the vertebral column. 



I su 



C. — Metallia threads. 



The metallic thfeads (fig. 3'i) aro employed in the form of a 
ittle bmsli, contained in a cylinder, which is screwed to an in- 
sulating handle. There are two metho^ls of faradi- 
zation by the metallic threads. They may be moved 
over the affected surface, or this surface may be lightly 
struck with the extremity of the brush ; or they may 
be held in conta(^t with the skin as long as the patient 
can bear tbem. The first proceeding has much 
uialt^', as regards its action on the sensibility, to 
transcurrent canterization. The second I have called 
dectrie Juatiffoiion. The third, seldom endured by 
patients, may be employed in certain deep-seated 
affections, — in the treatment of white swellings, for 
example, and to aid the absorption of tumoure and 
V&Iarged glands. It may be described as the dectrie 



n. — Physiological and thebapedtical action. 

The application of the electric hand to the ex- 
citation of the cutaneous sensibility produces, in the 
fiice, and under the influence of an intense current, 
■ Tery acote sensation. On other parts of the body y- ^ 
the sensation produced is hardly more than if the *«•*■ 
hand rested long on the part. The smart crppitatioa canaed by 
the pttange of the hand over the surface b the only effect produced. 
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^^^V The solid metallic rfaeophores act energetically upon tlie sett- 

^^^B sibility of tlie face, even with a slight curreut, Tliey actively 
^^^1 Btimulate the skiu of the trunk ; but they are often powerless on 
^^H the palms of the bands and the soles of the feet, whatever the 
^^^r intensity of the current. 

P The metallic threads triple the power of faradization npon the 

cutaneous sensibility ; and are almost always the only agents 
capable of exciting it acutely on the palms of the hands and 
tlie Boles of the feet, in profotmd ansesthesia of these regions. 
The sensationa produced by these several methods of &radIzation 

I are different. On the face the electric hand produces the effect of 

^^^^ a rough brush tearing the akin ; and the metallic threads exert a 
^^^1 deeper action. When they are kept stationary, the sensation is 
^^^F like that of hot needles piercing the tissues. The fustigation by 
■ threads produces a sensation that differs from this only in its 

duration. No other agent, not even fire, produces pain equal to 
that caused by metallic threads ; if we may judge from the state- 
ments of patients who have also experienced the moxa and trans- 
curtent cauterization. It is very difficult exacjly to express these 
different sensations, and I have striven to do so by using the 
terms habitually employed for the purpose by patients themselves. 
lu the normal condition, the cutaneous excitability by elt'Ctricity 
differs greatly in difi'erent piirta of the body. It is necessary, in 
order to use faradization successfully in cutaneous antesthesia or 
in various lesions of tactile sensibility, to know the difiereucea, in 
this respect, between various regions in the healthy state. 

The skin of the face is indebted to the fifth pair of nerves for 

exquisite sensibility, and its electric excitability is so great that 

the moat feeble faradic current produces an acute sensation ; even 

when its effect is scarcely appreciable on other parts of the body. 

The skin of the face is more sensitive to electric action near the 

middle line than elsewhere; thus its sensitiveness is greater on 

the eyelids, the nose, and the cMn, than on the cheeks. The skin 

I covering the upper eyelid, the alte and point of the nose, the 

I borders of the nostrils, the sub-nasal depression of the upper lip, 

^^^ and the line of junction of the labial skin and mucous membrane, 

^^K are the points on which the electric excitation is felt the most 

^^H acutely. 

^^H On the forehead the sensibility is less than on the face, and still 

i diminishes as the hairy scalp is approached. In the latter it is 

I comparatively slight ; and is only excited by a tolerably powerful 

f current. 

The sensibility is notably greater on the neck and trunk than on 
the limbs ; in the cervical and lumbar regions than in other parts 
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of the trunk; on the internal and anterior aapeeta of the limbs 
than on their external and posterior aspects. 

The sltin of the jwUm of the hand posseeaes the least electric 
excitability, and that of the sole of the foot more, except at its 
middle and internal portion. In persons whose hands are nineh 
exposed to air and moisture, the sensibility of the skin covering 
them is so blunted that particular methods and a very strong 
current are necessary in order to excite it. 

There is no other therapeutic agent the action of which is 
comparable to that of cutaneous faradization- By this alone, the 
sensibihty of the skin may be excited to any extent, either in 
passing rapidly from a simple tingling to the most intense pain, 
or in passing gradually through all intermediate degrees. By this 
alone can an excitation be produced, which that of the actual 
cautery scarcely equals, without disorganising the tissues, without 
even raising the epidermis, however prolonged may he the opera- 
tion. The sensation produced ceases suddenly, and nearly alwajrs 
completely, as soon as the rheophore is no longer in contact 
with the skin; and the instantaneousnese of the action allows 
the electric stimulation to be carried rapidly to all points of the 
surface of the body. 

This exposition of the chief properties of cutaneous faradization 
sboald afford an idea of the power of its therapeutic action, and of 
the numerous services that it is calculated to afford in practice. 
These I shall have many occasions to establish in the course of the 
work. 

Part the Fourth. 

Faradization of internal organs, tlie genUal organs, and of the 

organs of tlie senses. 

Most of the organs situated within the cavities of the body are 
accessible to faradie excitation,* either directly, by the action of 
rheophores placed upon their tissues, or indirectly, by stimulation 
of the nerves that govern them. 1 proceed to describe the 
different methods that I have adopted, in order to direct npon 
these organs the faradic excitation. 

5 I. Fauadization op Internal Osqans. 
1. Faradization of the redum and muscles of the anus. 
Involuntary stools and descent of the rectum are often caused 
mhy paralj'sis of the sphincter and levator aui ; and it may then be 

' * I repeat that it ia odt euiHoieDt «lber that the electric re<v>mpo8itioTi 
that an organ ehnuld be trsTersed by aa . ebould take plai« within it» tissue, or 
electric cnrrtnt in order to be eirittil bj i tliat tlie nerve which guvenin it tihould 
il. It a oeoeemtj for that purpose, be directly atiiutilated. 
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to faradizo these muscles. For this pnrpose a metallic 
olive (fig, 33), mounted on a stem of metal, insulated by gum 



Fig. ^3. — RtcUl rbeopbon. 

elastic, is introdnced into the rectum, and then connected with 
one of the poles of an induction apparatus. A second (moiet) 
rheophore is moved over the circumference of the anus. When 
the a|>paratU3 is in action, the stem is bo moved as to place the 
olive in cflntaet with the muscles of the lower part of the rectum ; 
that is, with the levator and sphincter ani. Li order to excite the 
muscular coat of the rectum, the olive should be moved over all 
its internal surface. It is always necessary first to &ee the rectum 
from foecal matter, by means of enemata. 

If it he desired to overcome constipation, due to insensibility 

of the mucous membrane of the rectum or to paralysis of the 

muscular coat, the rheophore must be introduced as before 

described, and moved over the whole surface of the intestine. 

The margin of the anus is so sensitive that the slightest faradic 

J excitation produces insupportable tenesmus. Care 

■ must therefore be taken always to insulate the 

f stem that bears the olive, unless it be wished 

to act upon the sphincter muscle. 



2. Faradization of the Uadder. 

In all faradic operations upon the bladder, the 
organ must first be emptied, as in faradization 
of the rectum. Without this precaution, the 
excitation, instead of being limited to the parietea 
of the two organs, would extend to the sacraj, or 
the hypogastric plexus. 

In order to faradize the muscular fibres of 
the neck of the bladder, an olive-shaped rheo- 
phore is introduced into the rectum, as above 
described, A curved metallic sound {fig. 34), 
insulated, by being covered with an elastic 
catheter to within two or three centimetres 
of its vesical extremity, is then introduced into 
the bladder, and placed in connection with one 
of the poles of an induction apparatus. When 
this is in action, tlie sound is drawn back in 
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snch a maDner tl>at it^ ostremity is brought in contact siiocos- 
Bively with all poinbi of the neck of the bliuJder. The patient 
submitted to the operation feels contraotions that result from the 
excitation of the moscnlar fibres that go to form the sphincter 
of the neck of the bladder. 

If it be desired to excite either the sensibility or the contrac- 
tility of the bladder as a whole, the resical riieophore must be 
moved over all parts of the internal euHace. It is not always 
necessary to have recourse to this operation in paralysis of the 
bladder, complicating paraplegia. It is sometimes possible, in 
such cases, to re-establish the fimction by energetic faratlization 
of the muscular walls of the abdomen. The saoe operation will 
also often overcome the oonstipation that b habitual id paraplegia, 
Numerous facts in my possession appear to show that a certain 
number of cases of paralysis, both of the rectom and of the 
bladder, have no other cause than 
paralysis or debility of the abdominal 
walls. 

The electric excitation of the rectum 
may be attended with so much incon- 
venience as to be a difticutty in the 
way of the procedure that I have de- 
scribed, and to require to be avoided. 
For this purpose I introduce two rheo- 
phores into the bladder; and I have 
had made, by M. Charriere, an instru- 
ment that I call the double vesical 
rheophore (figs. 35 and 36). 

The double vesical rheophore is 
formed of two flexible metallic stems, 
enclosed in an elastic cathett-r of double 
channel, which separates them from each 
other. The two stems have such termin- 
ations as are shown in fig. 3(5 ; so that 
when approximated, as in fig. 35, they 
resemble an ordinary sound. The in- 
strument is closed by pushing the elastic 
catheter forward, and is introduced into 
the bladder. The stems are then pushed 
forward for three or four ceutimetres, 
while the catheter is held still, in such a 

r that the extremities may separata Then, after each stem 

B been connected with the pole of an induction apparatUH, l li« iu- 

■umeut is handled in the way already described. The double gum 
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cathether, which enRloses the stems of the rheophoreB, irnist never j 
be penetrated by moisture, because the currents wonld then pass j 
from one rlieopliore to the other, and would be recomposed in the 
interior of the catlieter, instead of rea<;hing the extremities. It is j 
necessary to empty the bladder for this reajsoii also. 



h 



'•X Faradization of the uterus. 

In certain cases of amenorrhcea, electric excitation of the neck 
of the uterus may be practised with advantage. For this purpose 
I use a rheophore like the double one for the bladder, but differ- 
ing from the latter in the cixrvature of the stems, and in the larger 
size of the terminal plates {figs. 37 and 38). It is introduced 
closed, as in fig. 38, into the vagina, 
and then the two plates are made to 
' separate, aa in fig. 37, by pushing 
the stems onward through the doable 
gum tube that covers them. The 
operator guides each of the plates by 
the index fingers of his free hand, and 
places them on the sides of the cervix. 
It then only remains to connect the 
stems with the poles of an induction 
apparatus. The facts that I have ob- 
served show the good effects of this 
method of excitation in cases of ob- 
stinate amenorrhoea, that are not wholly 
dependent upon chloro-ana!mia. 
fig. 3j, If it be desired to excite the organs 

ng ^■zVirfKm'i'^SiS'''*"'' contained in the pelvis, by indirect 
faradization, the terminal olive of the 
rectal rheophore should be directed to the posterior wall of the rec- 
tum. The current then traverses the coats of the intestine, and 
concentrates its action upon the sacral and hypogastric plexus 
behind it. 

4. Faradization of the pharynx and aesophaffus. 

Faradization of the pharynx is practised by means of a rheo- 
phore called a pharyngeal. This eousiste of a metallic stem, very 
flexible, or jointed like an cesophageal sound, terminating in an 
olive-shaped metallic extremity, three or four millimetres in 
diameter, and protected by a gum tube to insulate the stem. The 
curvature of the jointed rheophore may be increased or diminished 
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at pleasure, by means of a mechanism fbr the purpose, eo that, 
when inttoduced into the pharynx ita olive-shaped extremity may 
reach to the inferior constrictor. 

In order to faradize the constrictor muscles, the olive ia moved 
over the surface of the oesophagiis, while a moist rheophore is placed 
on the back part of the neck. The operator ghonld beware of 
directing the olive against the lateral walls of the pharynj, which 
are in relation, from top to bottom, with the pneumogastric. If 
the rheophore were placed over the nerve, the electric action, 
instead of being limited to the pharynx, would be carried further, 
to organs the stimulation of which would be dangerous, or at least 
contra-indicated. 

To faradize the tesophagus, an oesophageal sound is required, 
conveying and insulating a metallic stem, terminating in a small 
olive-sbaped metallic bulb. This rheophore, thus insulated, acts 
only on those parts of the cesophagns that are in contact with the 
olive-shaped bulb; and hence it is necessary to move this bulb 
over every part of the organ that it is wished to excite. We know 
that the cesophagus is in relation, in its cervical portion, with the 
left recurrent nerve, lodged in the groove that separates the OBso- 
;>hagus from the trachea, and that it is accompanied, in its thoracic 
portion, by both pneumogastric nerves, which are situated lower 
down, the left in front of it, and the right behind it. It is sufficient 
to mention these anatomical data, in order to show the difficulty, 
or even the impossibility, of avoiding, during faradization of the 
ceeopha^nis, the conveyance of the excitation to nerves that supply 
tlie most important organs. The operation therefore requires 
much prudeme. 






5. Faradization of the larynx. 



'The muscles of the larynx that are concerned in phonation, 
ipt the thyro-arytiffinoid and the crico-arytjenoid, are accessible 
to the direct action of faradization. I have practised the following 
method many limes. 

I introduce into the pharynx the pharyngeal rheophore, and 
carry it down below the jRiaterior part of the larynx. The second 
(moist) rheophore being placed on the exterior, at the level of the 
crico-tbyroid muscle ; and the apparatus being in action, I move 
the pharyngeal rheophore, after having increased its curvature, in 
such a manner as to bring its olive-shaped extremity into contact 
with the posterior face of the larynx, and I then move it up and 
down. Id this operation the stimulus ia carried directly and 
Bnccessively to the posterior crico-arytienoid and to the arytienoid 
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by the pharyngeal rheophore ; and to the crico-lhyroid ' by thw 
moist external rheophore. 

Indirect faradization of the larynx ia still more simple, 
directing the extremity of the pharyngeal rheophore to the laten 
portions of the inferior constrictor, we act upon the inferior larj 
geal nerve, which supplies all the internal muscles of the larynZj 
The left inferior laryngeal may also he reached through thi 
CGSophagus. 

My experience has shown that the above procedure " 
frequently be very advantageous in aphonia due to paralysis ( 
the muscles of the larynx. I shall record, in the sequel, 
oases in which I have practised the operation with success. 

[Buchenne makes no reference to the use of the ]aT7ii(;o»?ope to facilitate 
direct faradization, or palvani/^tion, of the muBclea of tbo larynx. It is 
probable that his experience hoB shown that the intervention of the laryngo- 
Bcopo IH practically rarely neccBsary. Precision of maaipDlstion, bowerer, 
is at all tunea lo be coltivatM, and this is only possible of the larynx hj the 
aid of the laryngoHcope. Ziemi^isen has treated the subject of laryngeal deo- 
trization with great perspicuity in bis work Die Electriritnt in iler Medizin. 
and I append a tranGlatioii of his observations, which I have no doubt wia- 
prove acceptable to the English practitioner.— /J. T. 

ZIEMSSEN ON LARYNGEAL ELECTEIZ^ITION. 

" The electric excitation of the nerves and mnscles of the larynx has latterly 
become of great practical importance ; on account of the increasinp; certaintT* 
of laryngOBcopic diajniosiB, and especially on account of the evidence thnr 
obtained of tno frequency of paralytic conditions of the laryngeal muscled 
affecting them cither singly or in gronpR. 

" Much lalmur has been bestowed in recent years upon endeavours to find i 
satisfaetory basis for electrical treatment of the larynx. The first atteipptl 
were to find the laryngeal branches of the m^is nerve in the neck, and ti 
excite tbera through the soft parts superficial to them. Tliase attempt _^^^ 
mode upon patients suffering from some disorder of the nerves or moscles o 
the larynx, were sometimes followed by beneficial tliera^utical results; i 
it wa.1 thence inferred tliat the excitation of the nerves m qncstion had b 
accomplished. This conclusion, 1 bch'eve, was not justified ; and it has si 
to be proved, notwithstanding the admitted recoveries, that it is genera 
possible to direct an electric eiurent upon the superior and inferior lai^g«_ 
nerves through the skin. Oerhardt has been at the pains to test the effect a 
the excitation in the only practicable way, by means of the larj-ngeal mirru 
and be obtained only negative or doubtful results. He found, in health) 
persons, on applying the induced cnrrent to the regions of the neck that ai 
superficial to the course of the recnrrent nerves, — namely, for the snper» 
laryngeal nerves to the vicinity of the superior cornua, for the recunon 
nerves to the inferior cornua of the thyroid cartilage, — that he prodnoed 
neither closure of the glottis, nor tension nor vibration of the vocal cords, nor 
audible change of tone. He observed, en the contrary, after excitation cti:' 
both sides, a tremulous falling; apart of the vocnl cords after the utterance Q 
vocal sounds : the glottis in one case attaining one-lialf, in another thia 
fourths of its normal inspiration width. After excitation on one side, 1 
' a similar effect on the vocal cord of that side only. 



' M. Lm-get has bIiowu, by dircrt and I crioj-thyrmd pcrf 
well-conceivod ex|ieriiuDiilB, that the | in the act of phoi 
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" I haTG repeatedly witnessed ttic Hime phenomenon myself, both in patimU 
nod in faealthy penwns, and I lioTe not been able to regard it as arieing from 
excitation of the recnrrent, bnt only as the resalt of an impression upon the 
larynx generally. I have Been this tremulous and uncertain condition of 
the yix-al eords chiefly in sensitive and unpractieed pemons ; and in practiecd 

Esrsons also upon whom some unusual impreaaion had been made upon the 
rrax by canterization, faradisni, or gaWanism, althongh the special neirea 
and muscles of the organ had not been included in the circuit 

" While, therBfore, I cannot admit that the result above described is a 
ntisfectory test of sueceasfiU excitation of the recurrent, I think that we 
poesess, in energetic detraction of the epiglottis, a certain sign of excitation 
of the superior laryngeal This phenomenon may sometimes be produced 
&om witlun, and cliiefly from the pyriform sinus, which is crossed obliqaely 
by the internal branch of the superior laryngeal — sometimes running under 
an elevation of the mucous membrane (plica nervi larjngii, Hyrtl,). 

" The reason why it is so seldom possible to excite the infcTior laryng«A] 
nerves alone from the cntaneoua surface may be fonnd, I believe, in tneir 
deep position, and in the layers of mnscle by which they are covered, and 
which prevent, by their contraction, the pressing in of the electrode and the 
penetration of the current. These layers are formed by the platysma, 
the aterno-thyroid and stemo-hjoid, the omo-hyoid, the thyro pharyngeus, 
and the crico-pharyngeus. The inaccessibility of the recurrent would also 
often tie due to the enlarged lateral portions of the thyroid body ; and the 
adipose tifsue of the neck may also hinder the pushing in of the electrode 
towards the deeper parts. 

" Although, therefore, it cannot be denied that, in particnlarty favourable 
conditions, with a thin neck, a small thyroid body, and a platysma not 
extending Ear forwards, it may bo possible to isolate the laryngeal nerves 
from the surface ; yet they generally, on account of their deep position, are 
withdrawn from the reach of direct cicitatioD, and any attempt to act upon 
them, especially npon the recurrent, from the skin, must be regarded bh a 
highly doubtful procedure, not to be controlled by any aatisiiutory test of its 



"We must, of course, fully admit that, by the percutaneous application of 
dectric currents, therapeutic results have been obtained in cases of paralysis 
of the vocal cords, and in disorders of innervation of all kinds, especially in 
hysterical snt'jects. The observations of Bamberger, Gerhardt, von Bruna, 
Totiold, Meyer, and Benedict, pinee this beyond doubt Such knowledge, 
however, offonls only an uncertain and deceptive basis, and docs not assist 
in the special treatment of a diseased part, such as a single {laralysed muscle, 
or group of muscles, with currents of a known intensity. On the one hand, 
we ore quite uncertain whether the current will generally penetrate to the 
parts requiring excitation ; and, on the other, the complicated functions of 
the recurrent nerve deprive us of the power of influencing, through its 
means, determinate groups of muscles; such as those that opuu or close the 
glottis, or that render tense the vocal cords. 

" This deficiency of the percutaneous metliod has been perceived, of late 
yean, by others befdde myself. Dnchenne, Mackenzie, Gerbardt, and von 
Bruits have all laid stress upon the possibility and neceeaity of diruct elec- 
trization of special portiona from the pharynx. Duchenne'a onwrvations lack 
the laryngoscopic basis; but the other anthora named have employed Iha 
mirror as a (^lide to the operating band. Uerfaardt and vein Itnins alone 
appear not to have gone beyond isolated experiments upon patients; while 
Mackenzie limits the dirwt action of the current to the vocal cords and the 
arytsnoid cartilages, without having c«nndered the complicated anatomical 
relations, or the possibility of a dctaSod diagnoeiB, and of a locAlizntiim ot the 
current corrctqwinding thereto. 

"The greater number of specialists in the domains of laryngeal disoacaiid 
electro-therapeutics, w Tobold, Meyer, Benedict, and others, content them- 
M-lves witti tiie permtaneoun method, on account of the difficulty of the 
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intcmnl npptifiBtion. eHpMiftlly beoinise of the imtahilitj- of the 

munilimnii uf tlio month tmd larynx. Tho laiit-named anthor plainly deularea 
the dinri i\i'iiiiiiiiri nl' tliy Inryn^eai muBcleB to be 'unnecessary.' 
"" 111 jriirs that I have Btudiod thiH question, I have appliedl 

ici Ir (1 tho method of application upon a number of personi^ 

IV |ir< sH, and, next, to demonstTate ita utility ana thenb*^ 

MiitiiMc caaee. On the second qnestion I have spoken 
!■ 1 1 Liiifini! myeelf to the first. 

I rlrii' I'sr'itation of the larynfteal nmscloafrom the pharynx,. 
I- , .y-i-i I prefer to the perentaneouB method, is inapplicabls' 
jiii'L'Ki.'i iinly; sod these only are easily aeceesible from the 
aru the crieo-thjrojd muaelea {recto and ohijquj, Henle). 
the front of the neck, both vertically and obhquely (from 
ahoVD, di>wiLwnnlK, and tnu'iirdH), on both sides of the conoid ligament, 
from thii thyroid U> llie erieoid cartilage: and they are thrown into etxong 
I'ontraotioD i>y two electrodes, placed one on each side of the conoid ligament. 
Not only ean the apprmrimation of the two cartilages lie feit by a linger in 
their iuterspnce ; but a vocal note sounded during tlie contraction (by which 
the ttinsioii of the vooal eords is inereased) will be raised about a semitone. 

" The isolated excitation of the internal laryngeal muaclea from the pharynx, 
is at lirat attended hj groat difficulties, as well for the operator as for the 
subject. For tho flrat, raiiidity in the introdnction of instruments, withont 
nn necessarily tt)uching the rout of the tongue or the (ances, complete kncnr- 
liKlge of Iho anatomy of the parts, with special reference to the olgects of tla 
procedure, steady and certain holding of the electrode in the right place, and, 
above all, patience, are required. For the patient, the at first conetantly^ 
ocourrltig annoyances, such as nausea, or even vomiting, acute hypertenia of 
the muoons membrane, cough, temporary aphonia, iJlC. &c.. can only be over- 
romo by vucka of steady perseverance. By the necessary perseverance (a> 
both aides, we generally at last obtain such a tolerance of these sensitive 
regions to the oootnct of the sponge-covered electrode, and to the action of 
the electric stimulus, that the duration nf each single excitation may he 
eslendnd to half a minute. Many of the penons that I itxperimented upon, 
and of my larjnjteal patients, became able, while the eleetrode rested, say in 
one sinus pynformis, not only to breathe quietly, but to execute swallowing 
tnovenieiita, and t« sonnd notes, during the pasc^e of the current It will he 
evident that movements of the internal soft paiia during the action of Hm 
current cannot wholl}- be prevented, even afler longer practice, since moocular; 
ounlrai'tiitDs are produced, not only of a reflex character, bnt also by tba, 
direct action of the cnmuit itselt The entire disappearance of the larjngeali. 
iniage firam the mirror, at first very perplexing, is soon prevented igf' 
pnetiet. 

"The strength of the induced or galvanic current that is applied is httt 
dM«naiBed by testit^ it, immeiliately before, npon the face. An indi 
ettrrcal that piodnoes distinct mntraction at the frontal muscle, or at 
ratrngator superciUi, a galvanic current from «^t to tweJve of Sie 
domcnts, and producing bint twitching of the hoal mnscles. will be 
emit, OD aewHunt oT^m small stae of the laryngeal mnselee, thdr 
tJtnmoB, him) the moistme of the eiuthelial nirbce that covets iht 
" Aa a UfyngMl ekctrade, I oae a deikkr sonnd, curved like i 
Mivwed into a wooden kHKUe,aDd iwmktwl up to its point Tfaia 
tMUinales in a GtUe knob, vlucb ta covend bf a Uun layn ot the 
■{nBga. TtwiiMibte«se)lQro( Ilaehcaoii^ in a nme«hat modified di^M^i 
vwy McAtl br hiktenl intenal efntatkn. 1>> hmn with, *■ eieAOK m 
te aad* Iran •■ Ea^iA gnm eatkekr. If evttng ca its aix ^ aij dinal 
llw WN wd hr driBus a bofe Uvoo^ Oe paint of the Btaet, 
to hdM the qnce BBnndy. " * -' ' 
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Bmn's lar3rago-electrode are convenient mstnimentK, since after their inlrn- 
dnction the circuit can be mtide and broken at pleasure, by presxnre of thu 
fingipr upon a contrivance for the purpose. Such a contrivance is especially 
nseful for the Eimoltaneoua introduction of both poles into the pharynx. An 
operator who does not pcesess these instruments, may allow the circuit to be 
completed, by an assistant, with a second electrodo, furniiihed with a larger 
Hponge covering, and applied either to any distant part of the body, or, 
in therapeutical procedures, to some selected Bjwt of the surface over thu 
lAiyni, as soon as the larjngo-electrode is in its place. 

" The introduction of the laryngo-elcctrode should be accomplished c[uickly, 
with the right hand, and without any avoidable contact with the teeth, 
tongue, or &uces ; while its course is watched in the mirror held in the left 
bauH. 

" Among tbe immediate effecte of the excitation, hypertcmia of the selected 
spot and its vicinity, increased mucous eecre^on, tranRient hoareenesn, 
inclination to cough, and pain in the neck, are unavoidable. These effects 
Diuetly disappear in a few hours, or even sooner. The therapeutical effect, 
where any such is to l>e expected, shews itself after the disajipearance of Die 
first effects ; but, after tbe early sittings, has usually itself disappeared by 
the next morning. That the irritation of tbe mucous membraue of tbo 
posterior surfaces of tbe arytaanoid cartilages, of the pyriform sinnsea, or of 
the vocal cords, in long continued treatment, may occasion acute inflamma- 
tioo, ulceration, or soreness, need not be feared, if pauses of a few days are 
made, from time to time, between the othemise daily applications. Even in 
oontiiinjng the treatment for many nuinths, 1 have never seen Buy injurious 
local action. 

" The localization of the electric cnirent upon the several nmecles ia to bo 
aeoonipUshed as follows : — 

" The arytffinoid muscle ^tmnsversus) is the easiest 1o reach with the 
dcctrode. As soon as the point of the electrode is placed upon the posterior 
Burfjiice of the arytsnoid cartilage, the circuit sltoida hecloeed liyan asaii^lant, 
or in any other manner. By the shortening and contraction of the aryticuoid 
muscle, the posterior surfaces of the arytanuid cartilages are arched, and the 
csrdlages are approximated. On this account especial care is required, lest 
the occurrence of the contraction should cause the point of the electrode to 
slip from its place. The juxtaiMieitionof ttie cartilages tliat is produced by 
tiie arytenoid muscle is very energetic. Absence or incumpleteness of the 
«Rbet, in ctmaoqnence cf paralysis or paresis of the muscle, is a very important 
and cunimon cause of aphonia and noarsenesB, especially in the hyEtericol. 
The diagnosis of this condition presents no difficulty even to the inex- 
perienctid. 

The crico-arjtffinoideus lateralis is to be reached at the bottom of tbe 
pyriform siiiuit, in a direction backwards, in tbe immediate vicinity of 
the outer margin of the plate of the cricoid cartilage ; but it requires great 
dexterity and practice in laryngoecopic localization. The point of the 
electrode must take a course directly downwards, and must be firnily pressed, 
so as to Peach the muscie by stretching the rather locee mucous membrane 
that coTere it. Tbe tendency of beginners is to bring the point of tbe 
electrode too iax forwards in the pyriform sinus ; and, in order to counteract 
this, I advise a larger and longer curve to be given to the electrode, and the 
handle to be depr^^ed during the action. 

"The effect of isolated eJcilation of tbe crico-arytmnoideus lateralis is to 
produce slight rotation of the arytenoid cartilages, with movement forwarda 
and inwards, so ^t the proceesus vocalis and the frc« edge of tbe vocal cord 
appivach the middle line. The glottis ia little influenced by this, only so £u 
as the cartilage, and e^pedidly the vocal process, change their relative jweitian 
to theat fellowa. tf the p&tient inspire quickly and deeply during owtinnons 
eontratitkin of the muscle, tbe vibration of the proDUnent, and yet lax, vocal 
eardB produces a hmd janing eound, and their vibrations may be clearly 
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"Tho thyro-arylffluoideuH extemtiH (Htiule), or ury-sjndesmicus (Lnaclika 
Uerket), vhich reals cloeo agoiiiBt the autcrior and upper uiargiQ of the oiico- 
thyroideufl Ifltomlis, and also the thyro-nrytonoideus intenma, lying Bomfr- 
vhat further inwanls, can both be reached from the pyriform fo8§a. Thd' 
position of the electrode mnet be changed, so that ita point pi-esses down- 
wu^B, inwarda, and forwards; while the handle is carried upwards and out- 
wards, towards the npper tooth and angle of the mouth. 
, "The effect of tho direct exdtatioD of tho tbyro-aiytsnoideos, tliw 
produced, coneiste only in a drawing of the arytamoid cartilages forwards 
and downwards. It is mauifcet that no tension of the vocal eords can bo 
produced, so long as the arytenoid cartilages are not fixed inwards and 
backwards by the arytienoidei trausvcrsales and the cilco-arytiKioidQi 
postici ; nor the thyroid and cricoid cartilagea approximated by tho cric«>- 
thyroidei. 

" In these excitations from the pyriform fdnus, in which a certain d^iee of 
preBSore is required, care mtiEt be token not to confound mechanical move- 
ments impreased upon the parts of the laryns by the point of the electrode 
with moTemonts resulting from muscular contraction. To prevent such an 
error, it is necessary to study the position of the arytenoid cartilages, and of 
the soft parts, after the introduction of the electrode, with the circuit at first 
open, and then closed. 

"The two thyro-aryttenoidoi intemi can be reached from the glottis, by 
placing tho electrode, during inspiration, quickly aad steadily upon, w 
between the vocal corda. By closure of the glottia by rufiei action, the 
sponge-covered cud of the electrode will be caught Itetwuen either the true 
or the false vocal cords. In the first case it tonehes the fonner by their 
margins, in the second, &om above. This method of excitation is highly 
irritating to the mucous membrane of the larj-nx; and eliould not be oft«a 
repeated during one sitting. 

" The crico-aryttenoideus posticns, the actual dilatator glottidis, lies npoa 
the posterior surface of the cricoid cartilage, on either side of a central 
prominence. According as it ia wished to stimulate the right or the left 
muscle, the point of the electrode must be made to glide from the arytwnoid 
cartilage either to the right or left behind the plate of the cricoid caitjlage. 
At first the constrictor muscles offer strong resistance; and it is aometimea 
neceasaiy for tho patient to swallow, in order that the electrode may be 
guided to its right place. Sometimes these muscles may bo excited from the 
pyriform sinua, by carrying the electrode backwards and downwards. As 
soon as the muscle contracts and bulges, tho electrode is liable to alip tctatk, 
its place; so that its position shoald be attended to. 

" Tho effect is sUght rotation of the arytamoid cartilages on their axis, in a 
direction outwards, and also movement of them backwards and outwards, so 
that the glottis is completely opened. If the patient attempt to produce a 
note, while one musclu only ia excited, a false and deeper note is produced, 
ainoe only tho vocal cord of the other side is brought into play. 

" The muscles of the epiglottis, wliich roceivo their nerves from tho superior 
laryngeal, namely, the thyro- and ary-epiglottidei, can be excited either 
directly— from the lateral portions of the base of tho epiglottis — or indirectly^, 
where tlie internal branch of the superior laryngeal nerve passes through the 
laryngo-pharjngeal sinus. 

" The glosso-cjiiglotticus, which consists, according to Luschka, only of • 
tew terminal bundles of the Jongitudinolis linguie superior, in the neighlx 
hood of the gloseoepiglottio folds, con seldom require the attention of 
surgeon. It can he reached, from the glosso-epiglottic ligament, more 
than any of the muscles that have been mentiom^. 

" Tho vagus nerve cau l»e rcjiehed, according to Duchonne, from 
cesophagtts ; and, according lo Semaola and Gerbardt, from the surface of 
necR. The fir^it method presents many difficulties, since tlie operator 
in tho dark. The second is easier, but of stUI more donbtful value ; 
on account of tlie deep position of tho nerve, ei'on when tho electrode ia 
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the right position (on the inner margin of tho storno-maBtoid, immedintely 
below tho omo-hjoid), the thickness of the anperincombent soft jMirta protocto 
the nervB in most cases, if not always. My eiperimeiits with both methoda 
have, as yet, led to no poeitire resnlta."— i^. T.] 
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6. — Faradization o/tlie atonutch, the liver, the lungs, and the heart. 

Even when moist rheophorea are employed, aud whatever may 
be the etreogth of the curreut, the thickness of the thoracic 
and abdominal parietes will not permit the electric excitation to 
reach the regions situated within their cavities. Most of these 
organs may, however, be faradized indirectly, thanks to the 
pneumogostric, which is accessible to rheophores in the pharj-nx 
and in the cesophagua. It is phiiii that the effects of faradization 
of the pnenraogastric must vary according to the height at which 
that nerve is excited. From the lower part of the oesophagus, the 
excitation of the nerve is communicated solely to the stomach and 
the liver ; while from the upper part of the pharynx, it is com- 
municated to all the orgaus that the nerve supplies. To faradize 
the pneuraogaatric at its upper portion, the olive of the rheophore 
ehoiild be carried over the inferior and lateral part of the pharynx, 
and the circuit completed by placing the second rheophore on the 
nucha.' 

When it is wished to limit the action to the stomach and liver 
an olive-shaped rheophore should be carried by au insulated stem, 
to the cardiac orifice, and the circuit completed by placing the 
second rheophore upon the epigastric region- 
Is faradization of the pneumogastric sometimes indicated ? At 
present, experience has taught us nothing worth notice as to the 
therapeutic value of the proceeding. I hope, however, that it may 
be applied with success to the treatment of certain obstinate 



* It is nei^eBeary to remind tho reader I geal ncrrc. which springa from Iho in- 
tbal in ite uerrical porticni the pueumo- fetior and iuti.'nial pc^tion uf the gnngli- 
gMthc KBta during ita whole cdukhi upon | fnrtu plexus, licti below and to its iunor 
the preTertebnd iniucles: that in the . Kide, luid that, arrived at the side of tho 
■ngnlni nmoe it i> corered poilerioi'ly, oo : phoryux, at the level of the mldille «in- 
ODG Bide by the ialemal Jugular vtiu, on i strietor iniuiclu. it givea off the cxtenuil 
the fltlior by the coimuoD nod the intenml laryngeal, and Ibt; uurve 
cMOtid artery ; that the mipuriur loryn- | Biuu. 
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nervous affections of the \-iscera of the chest or abdomen, — for 
instance, to gsstralgia. It is needless to e&j that, in these cases, 
the faradization of the pneumogastric should he practised al. 
different heights. 

The procedure is not always free from danger. I need only 
recall the important organs that are subject to the pneumogastric^ 
in order to impress up<3ii my brethren the need of great caution in 
similar researches. 'I'he following accident occurred in my prac- 
tice, and may serve as a warning to others. Whilst moving a 
rheophore over the lateral and sui>erior parts of the pharynx, with 
acurrent of rapid iutermisaiou, hut moderate intensity, the patient 
fell suddenly into syncope. When restored, he paid that he had 
experienced a kiud of suffocation, and an indefinable sensation. 
Since then, having faradizi-d the pneumogastric many times at the 
same height, with one intermission per second, and with a very 
moderate current, ihe same accident haa not occurred, but tlie 
pnecordial sensation has been felt every time. I once saw the 
necessary caution neglected, in faradizing the pharynx of a yonng 
man, iu whom that organ, and the velum palati, were paralyzed 
consecutively to an angina, A profound syncope was immediately 
produced by the operation ; and, in this case I have no doubt that 
the pneumogastric had been irritated by the current 

Faradization of the pneumogastric at the tower part of the 
cesophagus may he practised without inconvenience. 

Ciue Xl.—I made this application, in fact, & score of titoes, upon a woman 
named CiSleatine Bonliamy, twenly-tliree years of age. TLe met'illic olir^ 
with its insulated stem, was carried to the lower part of the cesophagos, and 
was bulky enough to be in contact with the internal Eurface of the canal, ao 
that the pneumogsstrics, which, at thecardiac surface, are placed close to tha 
wall of the (esophagus, one in front and the other behind, could not escape 
the action of tlio electric excitation. The rheophore (a moist qnoee in K 
cylinder) was placed upon the epigaHtrium. The applicotion was made with 
a view Co momfy the state of the digestive tube, which had seemed to be 
paralysed for a month. The stomach was enonnously diatended with gai^ 
and the constipation obstinate. Wlien I allowed the curreut to pass with 
one intermission a second, the patient felt moderately painful shocks at the 
level of the oUve; the stem was shaken l>y an evident movement, and the 
patient Uberated a considerable quantity of flatus. But no appreciable t;Aj- 
nological phenomenon was produced durmg the operation ; even when 1 had 
incr^sed the forco of the current to the maximum of the apparatus. Onoa 
I empbyed a very rapid current of slight intensity. The pain was veir 

acut«, the potiont complained of a deep constriction; but this "' 

There was no appreciable modification of temperature or circulation. 

I cannot leave this subject without mentioning an experimeni 
that I made upon a man, after faradization of the pneumogastricv 
I examined his urine after this excitation (once only, it is true)j 
and discovered the presence of glucose by the usual teats (liqaot 
potasss and Barreswell's solution). There was no glucose in hi^ 
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urine ordinarUy. I believe this to be tlie firet repetition, on man, 
of the experiments of M. CI. Bernard upon animals : in whom he 
prodaced a temjiorary diabetes by faradization of the pneumo- 



7. — Faradization of the diajihraym. 

I shall explain the method of applying faradization to the dia- 
phragm, in the electro-pathological study of that musele. 

[Dadienne's metliod of exciting the dbphrogm is to place a imnit^l metallio 
rheopbore, covered with wet leather, on each phrenic nerve, to allow a. very 
rapid coireut to pass, and to interrupt it at rc^lar intervals 10 allow af 
expiration. In otner to ftnd the phrenic nerve, be presses the skin of the 
neck in opposite directions (ontwmrds aad inwardR) b; two fingers placed 
over the eKtemal border of the cUvicnUr fascicnlos of tlie «terno-mastoiiL 
The rheophore is then placed between the fliers, acroeB the oourae of the 
nerve and pressed down, — 11. T.] 

8. — The portion of tniedine comprised between (he stomach and the 
rectum, aUkough inaceessible to direct /aradization, niai/ le excited . 
bif reflex action. 

It is possible to escite the intestine indirectly, fay a sort of 
refles action, by placing the rheophores on two very di^^ant pointa 
of the caual. Thus 91. Leroy (d'Etiolles) haii produced emeus' 
tions by passing galvanic currents from the mouth to the rectum.' 
In 1854 (the time at which I made my experimental researches 
upon the functions of the diaphragm^, 1 repeated this experiment 
upon horses, with M, U. Leblanc, by passing an induce*! current of 
rapid intermissions. I confess that 1 was not able to obtain an 
alritie evacuation, whatever might be the intensity of the induced 
current. But we remarked that daring its passage, if it were 
intense and very rapid, the sacro-spinal muscles, ,the respiratory 
muM:!es, and the motor muscles of the limbs, became tetanic* 



* LejoM de Fhytiologia expert'ntentah. . 
Paris, 185ti. Tonu.- i. 

' Leruy (d'EtiiiUai), Mtnoira nir U 
trailBmaU de l(leu4 H da ^IrangUmenli 
iuttttiiiaux intma. tu a rAaulemie dt 
Mfdfem, IS26, soivi d'nn rapport de 
H. P, DuboU (Arehim g^a^raltt de 
Mi^aiie, tome iii.). Bappvrt fait a la 
8oeifl^g^itA<ila et« naa/mgtt (iniAgrife), 
JoVTwd (le la tSoei^^ g^nAaJe da nau- 
Jragt*. tome iv. liHO. 

" To etimulale the oantrftrtilily of the 
digeitive tube, there is." he saya, "nnoUier 
and a more powerful meani, mure spevdy 
and lesa hurUol than tobacro fiuuigalioiui. 
namelj, the iHtabliahnicDt of a golvutio 



and one of the membera of the coancil 
hiu proviid, by application to the living 
liuinon aiibjiK-t, tliut it in pomible in tlud 
nay, witlioal risk, to prodtire energrtio 
intestinal contraclioos. Lastly. H. Ij». 
troliaa has Bbowo, by expeiimenta upon 
anijnaU, the utility of tlu? eanio porrent 
in stpbyiia." 

' The experimcata were mnilDFted in 
TBiiunB ways. 1. In a hotw lyipg upon 
its ride, its feet aeearBd by hobblea, the 
rhenpboret of my indncti™ i 
wore pUi'cd. the one in ihc n 
tho other in tbc anus, the i 
workiag with ntpid intenniesions sod a 
luedimn degrT« of inti.-iuity. They 
iraniedialely pnnluoeil general tetanifnrm 
ninvulaiODH in the linil« ami trunk. 
but DO alvine riiirualinn. Diiriiu; thr 
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^^H Thifi method of elet-trization of the intestine acts upon the spiaol 

^^■^ cord and upon the medulla oblongata with much more energy than 
P the former. It is the excitation of the nervous centres which pro- 

I duces the tetanic contraction ol" so large a number of muscles ; 

I and it is therefore necessary to have recourse to the procedure 

I very cautiously, and to administer only a gentle dose, lest we 

I should produce asphyxia by artificial and prolonged contraction of 

^^^ the respiratory muscles, or by arrest of the heart's action. I 
^^^L return to this procedure, which has also been used in the treat- 
^^^V ment of asphyxia. 

^^H This proceeding, besides being dangerous in certain cases, could 

^^H only be used in very slight intensity in the human subject ; be- 
^^H cause the rheophore, applied to the mouth, would excite the 
^^^ extreme sensitiveness of the fifth pair of nerves, and would pro- 
P duee phosphenes. I attempted this operation on the patient 

mentioned above ; but she could not bear it, even when very 
slight. I then modified it as follows : one rheophore was placed 
in the cesophagus, near to the cardiac orifice, the other in the 
rectum. It was then possible to use a full current. The whole 
intestine was evidently excited, and the patient had daily colic 
and abdominal pains, but I did not succeed in overcoming the 
constipation. 

I see no necessity to employ these proceedings, which are 
painful, and not free from inconvenience. By placing one rheO' 
phore in the rectum, and a second (moist) on the abdominal wall, 
I have often succeeded in obtaining an alvine evacuation. This 
method produced a stool in an hysterical woman who had suffered 
for three weeks from a constipation that M. Briquet had been 
unable to overcome, and whose abdomen was enormously tym- 
panitic* By the same method I relieved internal strangulation 
of the intestine in a woman who would have undergone an opera- 
tion if I had not succeeded. I shall recur to this case by-aud- 
by. 

§ II. — FAliADlZATIGN OP THE OltOANS OF THE SENSE6. 
I proceed to set forth brietiy tlie different methods of faradi- 
zation that are most successful in paralysis of the senses. 



SiKt second, tbe reepimtinn vaa bds- 
penilcd ; bat on its return, it waa acrcler- 
«(od during the live or six eixoxuia thai 
the eiperinuMit laateij. 

The heart toDtiniied to beat through- 
out tlie vholo eiperimeut, niid with 
increased rapidity. 2. In another horse 
that woa about lobe killed at MntitrHu^cm. 
anil that I laid ojicn, 1 did not dbstrve 
any approoiablc contraetiou uuder tlie 




iDfluGun) of the induced current passed, 
e=l in the former txjiTiinent, fruUi f"- 
niouth to thu ttuua, whatever might 
itBiul^neity. The liitanirnrmixnittwitionB 
uf the tioiba arid oF the trunk 
(«rried to their ntmoat limita, bo 
constitute opisthotonos. 

' Briquet, frait^ dinigtu el Ihcrapait- 
f)Vw de rhyilAif, p. QUI. Paris, 1859. 
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I A. — Aetion upon j)aralysis of touch. 

I -^Pply moist rheopliores on the tnu-k of the collateral nerves, 

I ami u> the pulp of tlie fingers, 

^^^L Bl — Action upon certain forms of paralym ofOie rdina 
^^^H (aaiaurosis). 

^^^^ 1 bare ahown iu the preceding chapter, that galvanism possesses 
the special pro[>erty of exciting the retina very acutely ; prodacing 
Ituninous sensations when moiat rheophores are applied to parts of 
the fate on which the branches of the fifth pair ramify ; and that 
these sensations increase in acuteness as the rheophores approach 
the metliaa line. It suiBces to recall these facts, in order to 
know how to operate, when it is an indication to excite the retina, 
as in amaurosis. In default of a galvanic current, it would bo 
possible to use the induced current of the scH:und helix of a mag- 
neto-faradic apparatus. The action of this oarrent n|»on the retina, 
although less than tliat of galvanism, is still sufBcicntly powerfal. 

To direct excitation of the retina may be added electro-cuta- 
neous excitation of the circumference of the orbit, 

I shall hereafter describe the niethotls of faradization of the 
ocular muscles, in treating of paralysis of these muscles, 

C. — Action upon paralysis of hearing. 

(1). Fill the external uudilory meatus with tepid water, and 
place a metallic rheophure — u sound, for example — in the water. 
Complete the circuit by a second rheophore on the nucha. (This 
metho<l, to which I shall return, has allowed me to institute 
electro-physiological and pathological researches into the uses of 
the chorda tympaui.) 

The sensibility of the membrana tynipani is very great ; and 
hence it is necessary to avoid rapid intermissions and Jutenae 
correuts. I purpose to treat specially of certain forms of nervous 
deafness; and we shall then see that some of these forms, and 
even some of congenital deaf-mutism, have been successfully 
treated by these procedurt-B. 

D. — Action on parali/sis of smell, 
A moist rbeo|>bure being placed over tlic nucha, the second (a 
jBetal sound of small diameter, insulated by caoutchouc except 
pt it« extremities) h moved over all points of the nasal mucous 
membrane. 

It is ollen sullieient to excitt' very feebly the general l^ensibility 
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of the tnacoQs membrane. In order to recall the lost or weakened 
sense of Bmell. 

E, — Action upon paraJi/sts of tasie. 
The metallic rheophores must be moved over the base ami over 
the borders of the tongue. 

Electric excitation of the senses of sight, hearing, smell, and 
taste, should be performed with extreme circumspection, because 
liable to react acutely upon the brain. It is, therefore, contra- 
indicated in all cases in which it is necessary to avoid central 
excitement. In o[>erations of this kind, we should always com- 
mence with a minimum dose, increase it gradually, and never 
produce much jjain. It b also prudent to use a currftit of slow 
intermission. 

FaHADIZATION of the male genital 0BGAIJ8. 

'ITie secretion of semen may be diminished or perverted ; and it 
follows that the sexual appetite is not awakened by the generative 
instinct, and tliat erection is absent or incomplete. It may be 
indicated to act upon the secreting organ of the semen, the testis ; 
and also upon the reservoirs in which this secretion is elaborated, 
the vesiculse seminales. 

Faradization of the testicle is extremely simple. The moist 
rheophores are placed upon the scrotum, over the testicle or the 
epididymis. The current traversing the skin, concentrates its 
action upon the glands. The sensatiou produced is very painful, 
and extends to the loins, if the current bo intense, and especially 
if the intermissions are rapid. It is aiialoffous to that produced 
by compression of the testicle or of the epididymis. The latter is 
more sensitive to electric excitation than the former. Faradization 
of either should be performed with a moderate current ; since 
their over-excitation may be followed by a very painful neuralgia, 
as happened iu the case of a ]>atient treated by myself, I may 
here repeat that the current of the first lietix, even if of feeble 
tension, excites these organs more acutely than that of the second 
helix. 

Faradization of the vesiculie seminales is accomplished by thw 
aid of the rheopiiore for the rectum already described. The bowel 
being iirst emptied, the rheophore is introduced, and so directed 
tlial its oliv'e-(>liaped termination may be brought into relation 
with the vesiculai. For this purpose, it is sufficient to move the 
rheophore from right to left, and vice versa. A strong current 
will penetrate the intestine, and reach the vesiculie, exciting them j 
energetically. I need not say that the cinruit should lie com- 
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pleted, by placing a second rheophore on aome insensitive part of 
the body. Wbeu there is no contra-indication, I introduce the 
second rheophore into the bladder, and excite the has fond, so as 
to place the veaiculffi between the two rheophores. 

The Beniioa] fluid often dribbles away, not only in consequence 
of a kind of paralysis of the veaiculiE, but also from paralysia of 
the levator and sphincter ani, and of the muscles of the urethra. 
It is then proper not oidy to faradize the vesicidte, but also to 
direct the excitation upon all the mus'-lea that concur in the act 
of ejaculation. Faradization of the levator and sphincter ani has 
been described. The bulbo and ischio-cavernous muscles are 
faradized like those of other regions of the boily ; by placing moist 
rheophores on points of the skin corresponding to their surface. 

There may exist a kind of weakness or paralysis of the ejacu- 
latory ducts, whicji occasions seminal losses, or a too rapid 
omission during sexual congress. This affection may lie cured 
by faradization of tlie orifices t>f the ejacidutory ducts, by means 
of an urethral rheophore terminating iu a little olive-shaped 
metttllic knob, the stem liein:^ insulated by a caoutchouc sound. 
The knob is introduced into the urethra as far as the orifice of 
the duets, and the second moist rheophore is placed u{>on the 
perineum, I shall return to this important question when I treat 
Bpectnlly of paralysis of the geni to-urinary organs. 

The testes, the skin of the penis, the scrotum, the perineum, 
tiie glans penis, and the urethra, may be in a state of complete 
stuesthesia. I have seen impotence that could be referred to no 
other cautiB than this general insensibility of the genital organs. 
In such a case I used the following methods of farwlization. I 
excited the sensibility of the testicles by the method described 
above. Theu a vesical rheophore was moved slowly along the 
urethra, acting principally upon the most irritable points, the 
fosste nnvicnlaris. Lastly, electric fustigation hy metallic threads 
was employed to restore the sensibility of the skin of the penis 
and scrotum. 1 shall return to this case hereafter. 

Part the Fifth. 
The General Effects of Localized Ftiradizaiion. 
Beyond the local and immediate action produced by eh^ctric 
recompoHitioua. occurriug within organs, faradization exerts also 
general effect*, of which it is necessary to lake account in practice. 
The influence of general excitation may increase the secretions, the 
perspiration for example; and it may make itself folt by this or 
tliot organ, according to individual predisiweiUon. It is thus that, 
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in amenorrhcea, the menstmntion is recalled or modifieil by fara- 
dization, in whatever manner it is applied, 

I have proved that elertro-physiolopoal excitation ia limited, in 
general, to tlie points which are in relation with the rheophores ; 
hut it is a belief widely diffused among practitioners, that faradiein 
always over-excites the nervous centres. If this belief be well' 
founded, we may see how much danger would attend the ' 
of Buch a therapeutic agent, in the treatment of certain forma of: 
paralysis, and especially of cerebral paralysis. 

By taking care to keep the rheophores near together, it is cef 
tain that the action of the ciirrenta is felt but feebly by the nervontf 
centres. In the following chapter I shall describe the means <rf 
directing the exeitation upon these centres, when it is necessary td 
excite them. 

It would be easy for me to show that faradization reacts npoD 
the nervous centres, only by the intermediation of the sensibility 
that it over-excites. When we produce contractions, by thd 
influence of a very intense and rapid cnrrent, in muscles that MB' 
paralysed in consequence of cerebral hemorrhage, and that are a 
the same time deprived of their Hcnsibilily, the electric excitatioa 
will be localized in the parts to which it is applied, the musclett 
will contract energetically, and the patient will not even liave any 
consciousness of the process. However freqnent or long continoed 
the operations, he will be in no way incommoded. If, on the con- 
trary, the same cnrrout be applied, in the same patient, to muscleU 
that retain their normal sensibility, it will not only produce imme^ 
diate and very acute pains in the muscles themselves, but wiD 
produce also a general over-excitation that may be a source d 
danger to the brain. 

It appears from these considerations that localized faradization 
reacts very faintly upon the nervous centres, when so practised a 
not to excite the sensibility too acutely ; and when the rbeophorea 
are kept near together. 

But there is a point which it is important to know in every 
application of electricity to mon : I refer to the dynamic influence 
that may be exerted upon patients by the change in their natural 
electricity that is produced by electrization. In order to give any" 
account of these phenomena, it is .essential to explain the physical 
change that is wrought in the body by the action of the faradio 
current. At the moment when the rheophores of an induction; 
apparatus are applied to the surface, the natural electricity of t 
dermis is decomposed, and opposite electricities collect toward^ 
each of the rheophores, and escape in sufficient quantity t» 
neutralise the current that comes to trouble their repose. Thi» 



neatntlisation being effected, the two opposite eleclricitiee, by 
vhich the body b still penetrated, reunite to regain their normal 
state, and do not agtiin separate until a new current eomes to 
disturb them. Such is the series of physical phenomeita pro- 
duced, more or less frequently, in man ; according to the nipidity 
and the frequency of the induced current that is directed upon his 
orgaos. 

The modifications tliat are thus wrought in the natural slate of 
the electricity of the human body do not produce, in general, any 
appreciable dynamic effect But it should be known that, in cer- 
tain nervous conditions difficult to aual}~5e or to explain, man does 
not bear with impunity these changes in his electric state. There 
are then developed certain general phenomena, which, if they do 
not contra -indicate the use of faradizatiou, at least show the 
necessity for caution in its employment. It is well known that 
8ome persons are very sensitive to electric changes in the atmos- 
phere. I know a lady who, during a thunderstorm, is atricken for 
some hours with general paralysis. I have also seen persons who, 
under the infiaence of faradization, suffer from singular nervous 
troubles. These general efl'ects are not produced by the excitation 
of organs; but appear to depend upon the modification of the 
electric state of the body. Thus faradization may produce 
dazzling, a feeling of faintness, or general numbness, although the 
operation, very slightly performed, has occasioned no local sensa- 
tion. I have seen, in La Cliarit^ a young paralysed girl so 
sensitive to the influence exerted upon her general state by in- 
duced currents, that faradization was contra-indicated in her case, 
althoogh it produced no local sensation. I append an account of 
the case, which was one of much interest : — 

CoK m.— SalJe St Vincent, No. 26 (service de M. Andral)— Eugenie Thou- 
vcnir, aged mstixn, IxJm in Pftris, of good conatitntion and lympliatic 
temperament. Continual contraction of thii flexors of the tin^rs and thumb 
of tbc left hand ; so that tbo fingers cannot be extended h; on; effort. The 
patient can herself flex and extend the left foie-arm. She walks without 
dragging the left leg; bnt is cosily fatigued, and feels a weakness of that 
side. On the left, a needle throat deeply into the tissues, or a hard blow on 
an osseogs surface, produces no sensation ; the hands and fout have lost tactile 
sensibility. In standing oi walking, ebe feels tbc ground only with tho 
plantar eur&ce of the right foot On the left dde Uiere is insenfiibility of 
the skin of the &ce, of the conjunctiva, and weakening of sight, loss of emell, 
taste, and of the general sensibiiitj of the nasil and buccal mncona mem- 
bnne. Although thus insensitive to impressions from without, the patient 
suSers from frequent and deep-seated pains in the left arm and leg. She 
cannot bear pressure on a fixed and limited spot below her breast, which is 
the seat of continued pain. She vwoits flve or six times daily, either food or 
drink. She has no ottacks of hysteria, no strangnlatiwi, no palpitations, no 
alinonDol heart murmurs ; but a murmur in the carotid. 

At the first jiiiiuo- for Earadization, excitation of the skin, moscles, bones, or 
perioskium, and even of the nervous trunks, occasionod no kind of scoBatiun. 
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^^^M on the dieeased side. Tbo iDUBclsa contrack'd in reeponeo to the excil&tion, 

^^^F but without the cuuactouBoesG of tbo patient. At the eecond «/a)ice, as at the 

^^^^ former, ahe felt Bome of the local sensations commonly produced by electric 

f recom position ; but she complained of a kind of stitch in the left side, with 

I eiifTocation, palpitations, dazzling, nsusea, and cephalalgia. These pheno- 

I mena were more severe, the stronger the current, and the nearer the rheophores 

I were placed to the precordial region. If the rbcojihoreB were applied to the 

I healthy side, the ordinary phenomena produced by electric recompositiua 

I were displayed without any pieneral ufiecte. These strange phenomena 
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induced me to repeat the following experiment several times, in the pieBenoe 
of MM , Andral, Therial, Lacaze, and the students in attendance upon H. 
Andral's cliniqne. We arranged so that the patient could neither see nor 
hear what vies done ; and then the rheophores were placed at the lower 
eitremity of the left leg, bo as to produce electric rocom positions in the skin. 
As Boonas the apparatus vaa set in action, the symptoms above described 
appeared. Leaving the rheophores in place, the course of the current was 
interrupted in a manner that the patient could not know, and instantly tlio 
symptoms disappeared. The rheophores, placed upon the healthy side, pro- 
duced '■' ....... . - 



Gccil&tion, ^H 

as at the ^^M 

I 



duced either muscular contractions and sensations or a buroing xennation, 
according to the tissue in which the electric recompositions occurred; but 
they never occasioned any of the general phenomena described above. Thia 
experiment repe«l£d very frequently, and on many days in snc«essioQ, gave 
always the same result. The patient was so sensible of the electric inflnence 
that she recognised the very faintest currents when appUed to the diseased 
side ; although the phenomena occasioned by tlie same currents, when applied 
to the aonnd side, were scarcely appreciable. Every time that she 



exposed to the current, however feeble, and for however short a time, abe 
suffered for a long period afterwards from pains in the head, disturlance of 
vision, general malnisc, a stitch in the side, and a redoubled occurrence 
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It is very difficult to find tlie key to these singular phenomena. 
The tU ory of local electric recompositions is certainly not appli- 
cable to tliein ; because, on the left side, the patient was deprived 
of Bensatioii in the parta on which I acted, and did not experience 
any of the ordinary physiological eft'ects of electric recompositions, 
occurring in the skin, in the muscles, &c., &c. They can only be 
explained by the reflex action of some important point in the ner- 
vous centres, under the influence of the peripheral excitation of 
certain zones ; although the organs excited were themselves struck 
with insensibility. 

An extreme reflex excitability of the nervous centres, of the 
heart, or of the respiratory organs may also be developed under 
the influence of certain pathological states. Faradization is then 
a two-edged weapon. However, by proper circumspection, we may 
always avoid danger. We may even, under certain circumstances, 
take a fortunate part in buslaining or in regulating functions 
essential to lil'e, such as those of the heart, or of respiration. I 
shall have occasion to record a remarkahle case, in which a slight 
electro-cutaneous excitation with the hand, on the precordial region, 
pi'olonged for many days the life of a patient who, during con- 
valescence from membranous angina, and under the influence of 
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diphtlieritic poison, being in r state of extreme excitability, htid 
attacks of gniTe syncope, and was constantly is danger of arrest of 
the liearl's action. 

The geneml nervous disorders in question may eometimes be 
produced eren when the snbject is in his natural stat«. Thus, I 
could mention one of my confreres and friends, who cannot submit 
to electrization withont exjieriencing vertigo, dazzling. A'C, how- 
ever feeble may be the electro-pbysiolo^iciil efifects pi'oduced in 
bim. I am unable to say what are the causes wliich predispc'se to 
this extreme susceptibility to electric inflnenccs. 

From the facts stated above, I deduce the following proposi- 
tions : — 

1 . The changes wrouf;ht in the state of the natural electricity, 
by which the human body is pervaded, may produce, independently 
of tlic local electro-physiological phenomena due to localized 
taradization, general effects of a particular kind. 

2. Most commonly, these general effects are taot appreciable. 
They are only maiiilVated in certain rare idiosyncraeieB, or patho- 
logical conditions, the causes of which are usually unknown. 

3. Tl)ese general effects, the chief of which are giddiness, 
dazzling, nausea, and even vomiting, render the application even 
of localized electrizjitiou difficult. Sometimes they contra-indicate 
its employment. 

4. We may, however, under certain circumstanced, have recourse 
to it, in order to encounter serious disorders of the circulation or 
respiration. 
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CHAPTER III. 

RI8T0HICAI. AND CRITICAL OBSEltVATIONS UPON THE PRINCIPALT 
METHODS OP ELECTRIZATION. 

Whatever preference I may declare for the method of electri: 
tion described in the foregoing chapter, has not been arrived at 
without long comparative study of each of the methods that have 
preceded it. In the present cliapter I purpose to set forth tha. 
results of these researches. 

Static electrization (by the electrical macliine) is the most 
ancient of all modes. I have already, in the first chapter, said 
enough about its physiological and therapeutical properties ; and 
its application for the purposes of treatment is now generally 
abandoned.' 

I propose, therefore, to examine as briefly as possible, and to 
compare, by the light of my own experience, the therapeutic value : 
1. of electro-punclure ; 2. of electrization by reflex action ; 3, of 
localized electrization by induction currents and by interrupted 
galvanic currents ; 4. of continuous constant currents; and I shall 
preface the therapeutical results of my own practice by certain 
physiological considerations. 

PAitT THE First. 

OM THE VALUE OF ELECTBO-PONCTURE AS APPLIED TO THE 
TUEATMENT OF PARALySIS. 

5 I. Historical retrospect. 

The application of electro-puncture to the treatment of paralysi 
was a distinct step in advance, when Sarlandiere introduced it into 
practice. In order to estimate correctly the services rendered 
to therapeutics by this method of electrization, it is necessary to 
recall what was then the state of medical electricity. 

It is well known what enthusiasm this agent excited in its 
infancy, when the electrical machine was first invented. We may, 
indeed, find records of incontestable cures, due to the use of eleo 
tricity of tension, in the authors who were employed about the 
subject at the time in question, that is from 1743 to 1754, Kruger, 
professor at Helmstadt, was the first to use electricity as a curativa- 



agent, in the beginning of 1744. Two years later, in 1746, when 
the effects of the Leyden jar (the stroog diBcharges of which had 
at first inspired great terror), had become familiar, Hermann Klyu 
cared, by this instrument, a woman who bad been two years 
paralysed. After these obeerrers came the Abb^ Jiollet, Privata 
of Venice, Sauvage, and Zindnlt, a Swedish physician, who used 
the jar in the treatment of chorea in 1753.* 

Aiedical electricity, unjustly abandoned some years after its birth, 
had been taken up again with fresh ardour. Manduit was nomi- 
nated reporter to a commission by the Royal Society of Medicine, 
in order to determine the actual worth of electricity in paralysis. 
NotwithatandiDg the brilliant report of this learned physicist, made 
in 1773, and in which the cure of paralysis by electricity wa8 
represented to be the rule; notwithstanding the works of the Abb^ 
Bertbolon, in 1779, of Cavallo, in 1780, of James Larry, in 1800; 
and notwithstanding a preat number of treatises which were pub- 
lished upon the subject in France, in England, in Germany, and 
elsewhere, electricity was unable to bear the test of time. The 
results obtained from it were not in accord with the hopes that 
liad been entertained by some ardent minds, and there followed s 
period duriug which the agent suftered under disrepute. 

The discovery made by Galvani in 1789, and, soon afterwards, 
the pile of Volla, aflbrded to medicine a new and precious source 
of electricity ; of which numerous applications were made in 
practice, especially in Germany, from 1797 to 1804. I Bhall 
return to this as a matter of bistorj-, when treating of the applica- 
tion of continuous currents. But, this time also, either that the 
pofiiiibly exaggerated predictions of experimenters were not generally 
realized in practice, or that the proper method of application was 
not known, or that the instruments then in use were insufficient 
or irregular in their action, or difficult and inconvenient of use, 
galvanism was unable to preserve medical electricity from general 
neglect 

Such was the state of things existing in France, at the time 
when Sarlandi^re conceived the ingenious idea of using acupunc- 
ture in order to direct and limit the power of elet^^tricity in the 
deeper parts of the organism.^ This method, which supplemented 
the weakness of the instruments by increasing the physiological 

' Wp mny ercn CAny b>ck medic&I creature is found : and I have knawn on 
rlcftrunty to times atili tuora reoiole : A>r inhabilaDt of Martiaiquo who was cured 
that of the torpedo was employE^d bj th« I of facial hemiplegia by the diBchorgea of 
ancieDlti, erpn before (''alan, aa a renedy < the torpedo. 

Hgaifuit a oeTtain namber of diseases. , ' Sarlandi^ H^meirtt tur T^etro- 
.. . -., .._ :. ..... .J jjjg |pu„(„„, Paria,l825. 

\1. 



pKMDt day in the rountrirx where the 
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action of the electricity, witliout exposing the patients to tlie 
startling effects of the Iv'yden jar, soon Buperserler] the older modeSfl 
of application, and gave Jiew life to medical electricity. Magendie^ J 
by his talent and by the authority of his name, powerfully contti- 1 
buted to its popularity. 

5 II. Crllieal consid^rafiona. 

I sliall next endeavour to show that electro-puncture ia far from 
the attainment of the end that was proposed by Sarlandiere andl 
Magendie. 

1. Ela-iro-pundure does not exactly localize electricity in the organ$. I 

I hope to afford proof of the foregoing proposition, by analyzing'! 
successively the phenomena of electro-cutaneous sensiljility, and 1 
the phenomena of electro-muscular contractility and sensibility^, f 
that are witnessed under the influence of electro-puncture. 

In thin patienta, or in those whose eubcutaneous cellular tissue I 
is scanty, needles thrust into the skin, in such a manner as not to' 1 
pass throngli the dermis, produce, even under the influence of a 
very feeble current, siTuultaneous excitation oi' the skin and of the 
muscles and nerves, if the needles are placed over the course of 
muscles or nerves. In order that the excitation may be confined 
within the skin, it is necessary that the cellular tissue should be J 
either plentiful or infiltrajed witli seroaty, and that the correntl 
should be extremely weak. 

Electro- puncture cannot produce muscular contraction' withoa( 
at the same time, exciting the sensibility of the skin. In order ti 
prevent this effect, M. Petreqnin has covered the needles with* 
layer of caoutchouc, leaving only their extremities fi'Ci 
extent of one or two raillimetres, commencing a millimetre t 
the point. But the covering of caoutchouc, which ii 
thick, speedily becomes moistened and softened wlien the neet 
is plunged into the tissues. It then permits the passage of t 
current; and the skin is excited almost as acutely as if the neet 
were bare. Patients on whom I have made comparative trial 
with the insulated and with the common needles, have beo^ 
unable to discover any difference between them as far as regar 
their action upon the .-^kin. 

The cutaneous senBation produced by electro-puncture maa)^ 
the muscular sensation produced by the direct excitation of t« 
muscle into which the needle is plunged. It might be supp< 
that the two sensations are the same, and that they blend 1 
gether; but this is not tlie case, as may be shown by the follow: 
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experiments In womided persons I have inserted needles in 
denuded portions of muscle, and also at points where the tniifcles 
were still covered by unbroken skin ; and I have applied electricity 
in both situations. In the former, I produced the dull sensatioa 
proper to muscular excitation ; such as is commonly produced by 
phiuiii^ moist rheoiihorea upon the healthy skin. In the latter 
the sensation was very acute; and resembled that which follows 
electro-culAneoos excitation, as in faradization by metallic tlireads 
upon a dry skin. 

We cannot produce at pleasure, by means of electro-puncture, 
the contraction of a muscle or of a single fasciculus, or of a few 
fibres only. Indeed, altbuugh I have been careful to plai'« the 
needles at a distance from nerve-trunks, the muscular con- 
tractions observed iu my experiments have nearly always been 
irregular and unforeseen ; sometimes merely fibrillar, aud limited 
to a certjiin radius from the needle, at other times involving an 
entire muscle, or eveu several muscles at once. It is evident that, 
iu tbeso cases, the effi'cts have varied accordingly as the needle 
has come into contact with nervous filaments proceedint; to one or 
to many muscles, or with muscular fibres alone. It follows that, 
in muscular electrizalion by acupuncture, chance alone will preside 
over the phenomena of contraction, and will dominate over the will 
of the operator. 

SarUudiere recommended that the needles should be placed at 
a distance from nerve-trunks; and believed that the therapeutic 
influeuce of electro-puncture was greatest when exerted upon the 
nervous terminations. Jlageudie had the hardihood to practise 
electro-puncture with needles that traversed the uerve-trimka 
themselves. The latter proceediug may appear easy to those who 
possess some anatomical knowledge; but it is by no means so 
simple as may be imagined by tiiose who have not tried. If it be 
true, for imitance, that we may sometimes succeed in piercing the 
median, ulnar, and crural nerves, we cannot in like manner succeed 
with the radial, the stuatic, or the popliteal. In the face, we may 
place needles in the sub-orbital and mentvd nerves. But who conid 
pretend to hit with any certainty either the trunk or the branches 
of the portio dura ? The method appears to me to be nearly 
always impracticable. Moreover, it does not help us to confine 
the electric action to the nerve. We caimot reach the latter 
without piercing the skin, which is then inevitably excited. 

2. Ekclro-punclure is insajicienl or iiuiy^iliuahle in aruesthenia or 
haioiis of tactile wnatbSittf. 
iBball hereafter show tliat, as a rule, in aaiesthesia, cutmeous 
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faradizBtlon will recall seDsibility only in tlie pciints which 
brought into contact with the rheophorea. It thence follows that, 
in order to obtain a cure by electro-puncture, it would be necessary 
to cOTer, with a great number of needles, the whole of the portion 
of surface tliat had lost its sensibility. It is manifest that sudh 
an operation would be impracticable, especially if it were to be 
frequently repeated. In certain slight ca-ws the excitation pro- 
duced by a Tery small number of needles may be sufficient to 
restore the sensibility ; but such case< are only exceptional, 

Electro-puncture is not available for the restoration of tactile 
aenaibiiity to the hand or to the sole of the foot; because we 
cannot insert needles into either the ongers or the plantar iutego- 
ment without danger of producing inflammation or whitlow 

3. tHedro-pundure, applied to Die treabnent of paralysis of tnove- 
menl, does not appear to produce the results that are obtained 
hy localized electrizaiiojt. 

Nomerous and incontestable instances of success hear witness to 
the therapeutic power of electro-puncture in the treatment of 
moflcnlar paralysis ; and it has done much more than the methods 
which preceded it. It must, however, yield the palm to localized 
faradization, by the aid of moist rheophores placed upon the sound 
skin; a method the importance of which I shall shortly have to 
establish. 

There are no rules with regard to the manner of applyii^ 
electro- puncture in paralysis. In what points of the paralysed 
Vimhi should the needles be inserteii? In what number should 
they be employed ? What degree of power should be employed? 
All this is left to the determination of each operator. 

Some practitioners, after the example of Magendie, hare en- 
deavoured to pass the needles into the nerve-trunks which supply 
the paralysed muscles. Kut it follows, from my iuvestigationa,.^ 
that the electric excitation of nerve-trunks, in the treatment of 
paralysis, produces resulta that arc but unsatisfactory. Moreover, 
if the mode of excitation were excellent, the electrization of 
nerve-trunks by puncture would almost always be impracticably 
for the reasons already stated. 

The method generally adopted is to place, at the superior and 
inferior parts of the limb, needles that are connected with thei 
poles of a galvanic or faradic instrumeut. By this method' 
the excitation is produced in a most unequal manner, and afiectSf 
only a small number of muscles. Those muscles that do not 
receive the stimulus directly, commonly remain paralysed ; some 
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of tliem are excited by reflex action. The method borders npon 
that of electrization by reUc-x action, which forma the subject of 
the second part of this chapter. 

In order that excitation should be complete, in the treatment of 
paralysis by electro- puncture, it would he necessary that needles 
should be inserted into each of the paralysed muscles. Moreover, 
as it seems to me to be demoufitraled, by numerous facte, that the 
therapeutical action is limited, in general, to the points that nre in 
contact with the rheophorea. or at least that it extends over but a 
small radius, it would be necessary that the number of needles 
used to excite each muscle should be proportionate to its bulk and 
length. The operation would become a torture to which patients 
would never submit, especially in paralysis of some extent, by 
reason of the time that would be required and of the inevitable 
safieriug that would be proiluced. 

On the other hand, how simple and rapid is the localized fara- 
dization of each one of the paralysed muscles, by means of moist 
rbeophores moved over the unbroken skin. In electro-puncture, 
the needle traverses the thickness of the muscles, whilst, in 
localized faradization, the moist rbeophores act only upon their 
surface. We might, therefore, suppose that the electro-puncture 
would possess more therapeutic power than localized faradization. 
fjucb an opinion would be unfounded ; for I have already shown 
that, on applying a moist rheophore to the surface of a muscle, the 
electric excitation penetrates the tissues the more deeply, the more 
intense the current. Faradization, therefore, by the aid of moist 
rbeophores, will penetrate a muscle in the direction of its thick- 
ness as readily as by the aid of needles. Sloreover, by moving the 
rbeophores over the whole surface of the muscle, the electricity is 
distributed to every part of it, wliich can never be done by electro- 
puncture. 

1 hare seen many cases of paralysis undergo improvement tmder 
the influence of localized faradization by moist rbeophores. in which 
electro-puncture had previously completely failed. 

If electro-puncture were as efBcacious and as practicable as 
muscular faradization, the pain inseparable &om the former method 
should lead us always to prefer the latter. I shall, moreover, show 
hereafter that pjinUil electrization is dangeroiis in some forms of 
paralysis, in those of cerebral origin for example. Electro-jiuncture 
is therefore contra-indicated in such cases, and also in ail those 
that require numerous applications. (We shall see that the cure 
of some forms of paralysis requires from sixty to eighty appli- 
cations.) 

It is especially in children that it is desirable to practise 
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electrization without pain. How many parents, aod even how 
many pratititionerB, would sliriiik from inflictinf^ u[)on young 
paralytica tlie torture of electro-puncture, which is always painful, 
however feeble may be the current. 

There are yet other iuconvenienceB which attach themaelves t« 
electro-puncture, but which are not to be feared in connection 
with the method of localized electrization that I advise. I refer 
to the disorganization of the tissueB through which the needla 
pass, and of the inflammations and abscesKes escited by them. I 
need not dwell upon theHe accidents, which have been recorded by 
all the obaervera who have practised electro-puncture. 

Iiaatly, electro-puncture frequently occasions severe and obstinate 
Deuralgi^ The following is an example. One of the pupils of 
Mogendie, A. Berard, consented to undergo an electro-physio- 
logical experiment, and allowed the professor to perform electro- 
puncture upon his face. His complaisance, or rather hrs curiosity, 
coat him dear ; for the operation was followed by a facial neuralgia, 
from whivh he suffered cruelly for five or six months. He became 
one of the most brilliant professors of the Eoole de Paris, but, 
unfortunately, he was too soon lost to science. My information 
was derived from his brotlier, the professor of physiology. 

The foregoing considerations, however, must not lead ua to 
conclude that electro-puncture should be altogether abandoned. 
I believe, on the contrary, thut in cerfciin cases it may be a potent 
auxiliary to localized faradization.* 

Part the Second. 

on the value of electluzation by reflex action, as 

arrlieu to the treatment ok pakalysis, 

§ L Paasac/e of induced curre7ils from the ne}'De-extremitiea to 
the centres. 

Before commencing the study of the therapeutic influence of 
this method of electrization it is important thoroughly to onder- 
Htond its physiological action. 

1 . Physiological action. 
A. — Following the known laws of the propagation of the nervous 
fluid in the motor nerves, the motor action is exerted only in the 

• Electro-puncture lis* been called upon I liy (loelroymg certuin he|iatic and ovwtMl 
Ui TODdel gn«t atryiccB in 81178:1-17 in tilt rj'slB, unrt bj coagtilftting tlie blood in 
treatment of hyilrooele, bj promoting the BDenrianiB. 
/nnolutiDii of ocrtain gunglinnic tumoiirg, | 
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direction of the nerve-branches which proceed to muscles, and 
never in the contrary direction. It follows that electrization of 
the nerxe-termi nations of limbs will never call into contraction 
muscles which receive their nerve-fllaments from branches given 
off above the point excited. 

This is, in fact, what occurs when we localize electric excitation 
in the terminations of nerves, by holding both the rheophores of 
a galvanic battery, or an Indaetion apparatus, in one hand (with 
the well understood prtoaution that the circuit shall not be com- 
pleted by allowing them to come into contact). We then experience 
some contraction of the muscles of the thenar and hvpothenar 
eminences, produced by direct excitation of the muscles, with 
pricking and tingling in the fingers, under the inflaence of the 
equally direct excitation of the collateral nerves, or of the digital 
tissues ; (/w mmelea of the forearm do not enter into contraction. 

But if. in place of holding boUi rheophores at the same level in 
a single hand, one is separated from (he other, either by placing 
one in the hand and the other higher up on the limb, or by holding 
one in each hand, we then see contraction of tlie musdes of tlte 
fore-arm or arm, according to the degree of intensity of the 
current. The muscular contractions produced by this metliod of 
electrization are irregular, and do not correspond with the degree 
of pain that accompanies them, The i>aiu, indeed, is not confined 
to the muscles in contraction, but extends to the wrists or the 
elbows, or even to the shoulders when the current is intense. The 
sensation iji that case is very painful, and leaves behind it an 
aching of the jointa. 

In these various experiments the excitation ie always greatest 
in the arm the haud of which grasps the positive pole, so that it 
receives an ascending current. From these two experiments 1 
draw the following conclusions : — 1. Electrization localized in the 
nerve-termi nations of a limb produces only local phenomena in 
accordance with the functions of the organs excited ; that is. 
Sensations limited to the purt, 2. In order to prfjduce con- 
tractions of muscles situated above the nerve-terminations, it 
is necessary to separate the rheophores in such a manner that 
the currents may traverse the limbs, or rather their nerves, in 
a longitudinal direction ; Mi's is decirixation hy reflex action. 
3. Lastly, the electrization by refles action operates specially 
upon the sensibility, ascends to the posterior roots of the nerves, 
affects the anterior roots, and thus jToduces, in the muscles 
depernleut upon the nerves the terminations of which have been 
excited, irregnlar contractions that are but little in hatmony with 
the intensity of the sensations. 
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^^^P Whenever the moi^t rbeopliores of an induction apparatus, 

^^■^ applied to the skin, are a little apart Troni one anuther, in such 

P positions that the current traverses tlie limb longitudinally, then 

I the extromities of the limb, although they are cot in, communi- 

I cation with the rheophores, will exhibit mnscular contractions 

I from reflex action. If, for inatauire, we place one rheophore upon 

I the anterior surface of the fore-ann, and the other near the spine 

I in the cervical region, we shall not only see contraction of the 

^^^L muscle situated in the plane of the rheophoi-e, but also of other 

^^^1 muscles of the arm and fore-arm. 

I : 






often practised by placing the extremities of the patient in two 
basins of water, each of which is connected with one of the 
rheophores of an induction instrument. 

It is possible to apply faradization at once to the upper and 
lower limbs, and in a more general manner, by placing both hands 
in a basin of water communicating with one of the poles, and both 
feet in another basin communicating with the other. This method 
excites the nervous centres, and especially the spinal cord, in a 
very general and energetic matter, even when the current is of 
small intensity. If the intermissions are rapid, all the muscles 
of the limbs are thrown into tetanic contraction, and tlie accom- 
panying sensation, which is felt chiedy in the joints, is very 
painful. At this degree of intensity this method of electrization 
is followed by severe lumbago. 

We may classify under this kind of electrization the electric 
bath, which may be also called the electro -dynamic, in order to 
distinguish it from the bath of static electricity given by the 
Iriction electric machine. The former consists of a bath, the 
watej of which is in contact with one of the rheophores of an 
induction instrument, or of a battery of intermittent current, while 
the other moist rheophore is applied to some part of the body 
that is not immersed ; commonly to the upper and back part 
of the chest. 

By this proceeding also, the spinal cord is excited in a general 
manner, nearly as much as by reflex faradization of the peripheral 
extremities of the nerves, and with the same energy, 

G. — Electrization by centripetal or centrifugal currenie with 
currents of induction. — In electrization by reflex action, physio- 
logista have attached great importance to the direction of the 
currents, resting upon experiments which show that in certain 
animals the direct (centrifugal) currents act upon the motility, 
and the inverse (centripetal) currents upon the sensibility. 

Induced rnrrents, under ordinary conditions, cannot he said to 
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be either direct or inverse. In fact, each intermission of the 
induced current (of the sw.'ond coil) is produced by two euccessive 
currents travelling in contrary directions. The intermissions pro- 
duced by all the ordinary rheotomea ilescribed in the sequel (tlio 
toothed wheel and the tremblers) afford these alternations. But it 
is sometimes desirable to avoid the aiternations, e.specially in 
certain physiological experiments, or in therapeutical applications, 
where it is wished to pass only a direct or an inverse current. In 
order to fulfil this indication, I had made, some twelve years ago. 
an instrument which is a modification of the wheel of Abria, 
joined to a commutator of the poles. This instrument is repre- 
sented in fig. 40. 



A 



:^ 



Like tiie wheel of Abi la. it is composed of two toothed wheels, 
A, B, the teeth being alternately of wood and of brass. In the 
figure the shaded teeth represent those of wood, and the unshaded 
those of metal, mounted upon the same axis, but insulated; the 
brass teeth of each wheel communicate with the brass mounts 
8 and 16, in which turns the wooden axle common to l>oth the 
wheels, which move together (thus differing from the instrument 
of Abria, in which the wheels turn independently). The two 
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wheels are so arranged that their respective teeth only eorreBpond | 
by half their eurfaees, so that the two springs 9 and 15 only rest I 
at once upon tha metallic parts of the teeth for one half of their 
extent. 

Things being tlius arrang&l, let us first follow the course of a ] 
battery current through the cummutator C (fig. 40) and to the I 
estretnities of the wiro of the primary coil of a double-induction I 
Tolta-electric apparatus, represented by the knobs 7 and 11. The j 
two poles, n, p. of the pile are brought to I and 2, knobs whiclt I 
communicate with eacli of the isolated halves, 3 and 4, of tlia I 
commutator C, so that they can be made to change sides by ( 
turning the button I) of the commutator from left to right, or vte» 
versa. One of these poles — suppose the negative — passes from 3 
and 5 to 6, a knob to which is attached a conductor in commnni- 
cation with 7, one of the extremities of the wire of the primary 1 
coil ; the other, or positive polo, p, goes from 2 and 4 to S, ft I 
metallic support communicating iiith the metallic teeth of thai 
wheel A. At 9 is a spring in contact with these metallic teeth, J 
and connected with lU, a knob to which is attached a conductor! 
in communication with 11, the other extremity of the wire of ■ 
the primary cuii. 

In these conditions the wheel A is only an orJinary rbeotome, I 
producing by each of its teeth, or at each intermission, while a J 
rotatory motion is commuuiL-ated to it, two currents in opposite I 
directions, one at the completion and the other at the interruption J 
of the circuit, in the wire of the second coil, the extremities of 1 
which, represented by 12 and 13, are connected by Bonie metaUio i 
or organic conductor. 

But if one of the extremities of this wire — 13, for example, 
is conducted by a wire to 14, and so to 15, a spring resting on the 
mc-tallic teeth of the wheel B, which themselves communicate 
with l(i, the support of this wheel, and with the knob 17, it is 
manifest that if the circuit of the second coil is completed by a 
conductor jilaced in communication with the knob 17, and with j 
the knob 12, which represent the two extremities of the wire of | 
tlie second coil, the organ placed in the circuit will receive only 
the current of interruption, when the wheel is turned from left to 
right, and only the current of completiou when the wheel a 
turned from right to left. The connection bL-tweeu the metaUio 
teeth and the wood of the wheels A and li will explain how a 
organ placed in the circuit will receive at pleasure only the one I 
current or the other. 

In fact, the circuit of the second coil being completed, by the J 
cDnta<.-t of the spring 15 with the metal teelh of the wheel B, only J 



ELECTRIZATION BY REFLEX ACTION. 



k 



at the moment when, during the revolution of the wheel from left 
to right, it breaks the iudueing circuit of the primary coil, it ia 
only the current of interruption that can be tr&ngmitted to the 
induced circuit. It is unnecessary to say that the contrury occurs 
when tlie wheels A and E are turned in the opposite direction. 
' In order to show the utility of the rheotome above described, it 

is sufficient to say that it has enabled me to investigate, physio- 
logically and therapeutically — 

1. The influence of centrifugal or centripetal induced currents. 

2. The comparative values and the comparative effects of the 
induced currents of interruption and of completion. 

I 3. The influence of centrifugal or centripetal induced currents, 

with reversal of the poles at will. 

2. TherapeiUie acHon in the ireaiment of paralysis. 

It is sometimes desirable to stimulate the nervouii centres. In 
nich cases we commonly have recourse to the various medicines 
hich poasPBs a special properly of producing muscular con- 
tractions by their influence U)ion the nervous system. Electriza- 
tion of the nerve-extremities by reflex action operates in an 
analogous manner. I have therefore applied it to the treatment 
of certain cases of paralysis in which I «hs able, without danger, 
to extend the stimulation to the nervous centres. 

I have not always been able to congratulate myself upon the 
results obtained by this method. The paralytics that 1 have 
faradized by its means have, it is true, in some cases received 
benefit ; but, consecutively to the treatment, some of them have 
experienced deep-seated pains in the course of the nerves the 
•rxtremitiea of which had h. en excited, pains that have frequently 
been persistent, and have assumed the character of neuralgia. 
The energetic excitation of numerous nerve-branches, specially 
subservient to sensibility, explains the frequency of these accidents. 

Under certain circumstauces, faradization by reflex action has 
exposed the patients to consequences of tho most serious character. 
The following case is an example: — 

f?a»e IT,— A medical student, M.X., wt, tS, hnd been struck by apoplexy in 
1851. The hemipli^ia, wliich affected the left iddc, and which was due to 
cerebral biemorrha^, had gradnally disappeared in the course of a year. 
But the voluntaiy movements wore impodod I'y the «m tinned contraction 
of (pertain 'muttcles, especially the flexors of the fore-arm and of the hand, 
a contraction which extended to a greater Dumber when he wished to per- 
form certain movements, or when he experienced any impression whatever. 
Snch phenomena arc not gymptomatic only of a, Bcterosis of the spinal oord, 
as Deems to be established by modem rueearch ; but they may indicate a 
cotulition of hypurcemia which it is necesrary not to over-excite, on pain of 
prodncing the most acriow accidents. Ignorant of this danger, Uw. M\\&.<£i^, 
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who had imperfect!; iindei'stoDd o; 
to apply without riBli, in all ca» 
bral liemiplegiEi, in sii montlis or , 
rliage. The young man had not underetood the difference between an electric 
excitation linutM to the miiEcles, and a method that rails them into con- 
traction by a powerful electrization by reflex action. 'Vi'e shall see the result 
of his hope to hasten his recovery. 

Having put in action an induction coil, with intermittencee (by a trembler) 
of great rapidity, he took one of the nietalUc cylinders in each hand, so 
that the current pofised through his brachial nerves from end to end. At 
the moment when it began to paR«, his hands closed with great force, and 
he y/ae unable to relinquish the cylinders. Feeling then that his ptLTalysed 
limb ■waa contracting ■very painfully, he had pre^nce of mind to oTertnm 
the Bunsen's pile with his foot The current was stopped instantly, but it 
was too late. Its actiou, although continued only for a few seconds, had 
already occasioned serious injury. The head was extremely painful, the 
contraction extended to the whole eide, and the poor fellow, who waa alone 
in his room, was tbund an hour later in convulaions upon the floor. He 
waa removed to La Charity, under M. Piorry ; and there I beard 
liimself the history I have related. His life was for many days in danger; 
and, notwithstanding repented depletion, purgatives, and a blister to the 
nutha, painful and tetanoid contractions persisted for many weeks. At last, 
aft«r a long sojourn in the hospital, he was able to leave; still suffering 
from contractions of iJie right side, mnch more general and much more 
severe than before he conceived the unfortunate notion of curing himself 
by reflex electrization. 

If, in this CBSP, the elei:tric excitation had been limited to the 
paralysed imisc^les, notwithstanding the peculiar cerebral condition, 
and the hyperjemia which may exist at the point where a 
secondary sclerosis of the cord has been developed, — conditions 
which, in my judgment, wonid contra-indicate even localized 
faradization, — these grave accidents, evidently due to over-stimula- 
tion of the centre, would not have taken place. I have leamt 
thus much by long experience ; for I have many times laradized 
locally the muscles of patients who were in the same state as this 
young man, and without producing any inronvenient^e. I have 
come to the conclusion that localized applications are in such 
cases simply uaelesSj but not dangerous when made with circum- 
spection. At the commencement of my researches I often 
faradized by reflex aclion the antagonists to the contracted 
muscles of hemiplegic patients, and I sometimes had occasion 
to repent doing it, so that it is necessary to be cautious in the 
employment of a method that haa proved to be so dangerous, 

Electro-dynamic baths, given in a dose so feeble as not to 
provoke muscular contraction, produce an excitation that increases 
muRcular force in certain forms of general paralysis, I have 
often employed such baths with success, 

Tlie motle of application already referred to I think preferable, 
on accoimt of ite simplicity, to other and more complicated 
methods. 
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5 11.— Excitation dt befles action is pas-sinq induced 
ccrbexts from the mouth to the anus. 

X, Physiological action. 
The already destrribed methods of faradization by reflex action 
do not strongly excite tbe spinal cord, excepting at the points of 
origin of the brachial and lumbo-sacra! plesusea. There is yet 
another procedure which produces a more general reflex excita- 
tion of the cord. I refer to the method by placing one rheophore 
of an induction appiiratus in the mouth, and the other in the 
anus; the already mentioned mode of application of Leroy 
(d'Etiollos). The following is a brief account of the experiments 
by which I have studied the physiological action that it thus 
produces:— 

Experiment 1. — I have already stated that in 1B53, I repeated, upon a 
horse, the experiment of Leroy with an induced current. The current was 
feeble; bat strong enoagh fbr ita reflex action to prodnce general tetanoid 
contractions in the hmbs and trunk, during which the respiratory moTO- 
meute and the action of the heart were not suspended. 2. I repeated 
analogous experiments upon rabbits; and many were made, in my presence, 
in the laboratory of my friend M. IJegois. With an excessively feeble cur- 
rent there was no appreciable result beyond a slight contraction of the 
tongue and of the muscles of the face. The force of the extra current of 
my instrument, which bad been originally at its minimum, and not only 
so, but had been passed through a stratum of water in the moderator to 
be hereafter described, was then progressively increased until it produced 
tetanoid contractions of the mniicW of the trunk and limbe. Neither the 
respiration nor the heart's pulsation were arrested, but they were suspended 
during one or two seconds. The experiment, repeated twice upon the same 
rabbit, and for from twenty to thirty seconds each time, gave always the 
same results. But, when the strength of the current wrs so much increased 
aa to tetanis» and render immovable the walls of the thoros, a needle thrust 
intp the heart also ceased to oscillate. 

We see, therefore, that when tbe rheophores are placed aa 
described, a feeble induced current of rapid intermission can 
produce tetanic convulsions of the limbs and trunk, evidently by 
reflex action of the whole cord, without arresting either tbe cir- 
cululiou or the brwithing. 

Another fact not less important follows from these experiments, 
namely, that this mode of faradization produces a comparatively 
feeble reflex excitation of the medulla oblongata. Not\vith- 
etanding the general tetanic convulsions that are produced, the 
respiration and the heart's action, although suspended for one or 
two seconds, have continued during tbe twenty or thirty seconds 
during wh.ch the experiment lasted ; and it was only to be noticed 
that these movements were increased in rapidity. 

Every experimenter knows how feeble a current, applied to the 
exposed pneiimogastric, will arrest the heart and the respiration; 
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and knows also tliat the most feeble raradization of the superior 1 
laryngeal siisjienda respiration instantly. Should lie, therefore, J 
doubt that the medulla has been really excited in the experiments j 
during which a current of the same degree of force has been i 
passed fi-om the mouth to the anna, without producing great I 
disturbance of the respiration ? 

It is necessary, as we have seen, that the current should attain J 
a very high degree of tension, in order that the respiration should j 
be completely stopped, or that the heart should cease to beat. 

It is not even shown that, under these circumstances, tha I 
arrest of the respiration and of the heart is due to excitation of ] 
the medulla oblongata, lodeod, the tetanic contraction was not 
at its maximum, so that the inspiratory miiscles, principally the 
diaphragm and the inten-ostals, which were only in a certain degree 
of rigidity, were able, under the influence of a great inspiratory 
effort, to contract yet more, and to produce movement. In the 
second experiment it is manifest that the maximum tetanic state 
of the same inspiratory muscles would be necessarily opposed i 
to any respiratory movement of the thorax ; by which may be J 
explained the rapid death which bofel the animals thus treated. J 
The arrest, observed in the last experiments, of the oscillations of ' 
a needle thrust into the heart, does not prove that that organ had 
then ceased to beat; because the oscillations may have been 
stopped by tlie extreme rigidity tof the intercostal muscles traversed 
by the nceflle, while in the former experiments these muscles 
were not sufficiently rigid to stop them. The correctness of this 
explanation is shoivn by the fact that, when the muscles relaxed 
on the suspension of the faradization, although the rabbit had 
ceased to live, smalt os(-illationa of the needle again gave evidence I 
of contraction of the heart. 

The facts aud considerations that I have advanced show, there' 
fore, that the mode of general faradiziition under discussion does 
not powerfully excite the medulla oblongata, and this is all that I J 
endeavour to establish , 

I do not maintain that the procedure exerts no influence upon J 
the medulla oblongata. I do uot think, indeed, that in these experi'^ 
meute, when one of the rheopliores is placed in a region (the \ 
mouth) deriving its nerves from the medidia oblongata, and from I 
a part of the pons Varolii, that these points of the nervous cen- 
tres can possibly altogether escape excitation. Certain facte-^ 
show, indeed, that there is a real reflex action of the medulla. 

Thus, when the faradization lias been moderate, we have ee 
that the cardiac and respiratory movements have been incre 
in frequency. Lastly, we may see that, in asphyxia, this mode o 
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fiiradization of the cont by reflex notion has power to re-cxcitc? 
' respiration that has been Biispended for some luinutea ; and that 

j it will also re-establiah and develop the contrartiona of the heart, 

when they are only appreciable by the feeble and very slow oscil- 
lations of a long needle throat into tlie organ, although the 
current employed has been very feeble, and insufficient to prodnce 
reflex contractions in the limbs. 

II. TlwrapetUic action,. 

Fara<Iizalion by reflex action of llie spinal cord, and of the 
medulla oblongata is indicated in aupbyxia ; and experimentalist* 
have thought that the beat method of using it for this condition 
is by placing one of the rheophores in the mouth, and the other in 
the anus. 

A. — History. This method of general electrization by reflex 
action was, as I have already staled, advised in 1825 by Leroy 
(d'Etiollea), who used the galvanic current in cases of aspiiyxia. 
It was again brought into notice, for the same purpose, by 
MM. Legros and Onimus, with the difierenee that they employed 
a battery of constant current, while Leroy had only the inconstant 
battery of WoUaston. 

B. — Ml/ own first experinienis. In 1854, 1 made my first experi- 
ments upon the horse, with regard to the therapeutic action of 
Leroy's method, modified by the substitution of the induced for the 
galvanic current. 

An analysis of the physiological effects of this kind of Taradiza- 
tion soon assured me, that it was the most certain method to 
excite the general reflex action of the cord ; that the reflex con- 
tractions produced were very energetic; that with rapid inter- 
mi!«ions they became tetaniform; and that with a very intense 
current, they might rapidly produce asphyxia by contraction of 
the muscles of the trunk, so tliat the method could not be used 
in any strong dose without danger. 

But, as I found that in weak doses it neither arrested the 
respiration nor the circulation, although it still produced reflex 
contractions of the limbs, I did not hesitate to apply it imme- 
diately to the human subject. It will be remembered that I 
ejperimented upon the hysterical patient whose case has been 
already mentioned. I repeated, under analogous circumstances, 
the same experiment upon others ; and I proceed to describe what 
were the principal phenomena that I observed. 

Having commenced with a current of slight intensity, or too 
weak to produce reflex contractions in the limbs, the patients 
complained of no sensations, but such as were occasioned by a 
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Bliftht contraction of the tongiie, of llie sphiDct^r and levator n 
and by pboBphenes; wliile the pulse and tlie respiration were a-i 
little increased in frequency. The procednre was perfectly well I 
borne, as the current was not eufRciently intense to produce reflex I 
contractions in the limbs. But, having in this way obtained no 1 
result, as against the maladies that were to be overcome, I gra^l 
dually increased the intensity until reflex contractiona wereJ 
obtained ; taking care, in order to avoid all danger, to diminish I 
the speed of the intermissions to one or two in the second. The. I 
patients then experienced paiuful shucks, chiefly in the lega,^ I 
pains which were followed, after the passage of the enrrent, by I 
a feeliug of general lameness. In one patient, who suffered from I 
complete anaesthesia and analgesia, I was able to pi'oduce, in con- 
sequence, during fifteen or twenty seconds, and with a weak i 
current of very rapid intermission, general reflex tetanic contrac- 
tions. The heart did not cease to beat, nor the respirations to ba< I 
made ; but the patient remained for some time dazzled by tiia I 
phoaphenes that were produced during the passage of the current. 

From these experiments 1 concluded — 1, that the method ofl 
Eradication by reflex sjiiual action might be applied in practice j 
to the human subject without any danger, and that it is perfectly | 
borne so long as the current is not sufficiently intense to produce I 
contraction of the limbs; 2, that it does not, indeed, produce i 
arrest of the respiration, even when it produces tetaniform reilex 
contractions, unless these are too strong ; but that it is difficult 
to say at what point the limits of safety would be exceeded ; and 
that, 3, iu certain dynamic or morbid conditions, the slightest 
tetaniform contractions might expose the patient to danger, i 
Eor such reasons, founded ui>ou experiments dating from 1854, 1 
have been very circumspect in the use of general faradization, | 
and have discountenanced it when practised in a degree of in- 
tensity to produce reflex contractions, or with very rapid inter- 
missions. 

C. — More recent experimenls on the applioaiion of this method to I 
(he treaiment of asphyxia, as compared wilh induced, and mih i 
constant contmuovs currents. General faradization by this method ( 
may succeed in the cure of asphyxia, without there being occasioit 
to increase the intansity of the current so as to produce reflex f 
contraction. 

This important fact was brought to light hy M. Lidgeois, in I 
very able report read by him before the Imperial Surgical SocietyJ 
on the 17th March, 1869, in the name of a commission c 
of M. Paul Broca and himself, upon a paper addressed to thai 
Society by MIL Legros and Onimus, on the 10th of December,! 
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1868, on the use of continuous electric currents in cosee of 
syncope, and in accidents caused by chloroform. 

The authors (of the original paper) bad said, " We will not pass 
in review the other means (other than the continuous current), 
that have been employed in the treatment of chloroform acci- 
dents. All, perhaps, with the exception of artificial respiration, 
have been usel^^ ; and we assert that the tnterrup(ed or inditeiion 
currents, which have been exioUed, cannot be eimdemtied loo strongly^ 
The best meam of eom^ld>j arresting ths action of the heart, when 
uvakened by an anesthetic, is to pass over it an induced current. 
We onght, therefore, to dread tlie use of an induction apjtaratus, 
which will determine the very result that it is desired to avoid." 

After having described the experiments conducted by MM. 
Legros and Onimus in the preai'uce of the commission, the 
reporter (51. Liegeois) has arrived at tlie conclusion that, notwith- 
standing the interest attaching to these esperimenta, the commis- 
sion is bound to observe, that they do not exactly correspond to 
the title of the paper ; and that they are only strictly applicable, 
in man, to asphyxia from chloroform, — an accident which, in his 
view, is lefs freqnently fatal, and is more amenable to treatment, 
than chloroform syjicope. Limits in its application to chloro- 
form asphyxia, galvanization, as practised by MM, Legros and 
Onimus, is certainly of incontestable efficacy. But M. Liegeois 
has also reported another experiment tried before the commission, 
which demonstrates, that the induced current, applied in an 
equivalent dose and by the same method, that of Leroy (d'EtiolIes), 
restores from chloroform asphyxia as certainly as the continuous 
current, "Upon our request," he writes, "to MM. Legros and 
Ouimos, that they would test the influence of an induced current 
in our presence, a rat was chloroformed under the same bell-glass 
and in the Eame manner as the former ones. It was withdrawn 
when the respiration, the sensibility, and the general movements 
had completely ceased, although the action of the heart still 
continued. They then passed the current of a Dubois -Raymond 
apparatus from the mouth to the anus ; but in order to approach 
as nearly as possible, with our apparatus, to the slight intensity of 
the continuous current, we requested the operator to employ the 
most feeble that the instrument would yield. The current was 
allowed to pass for a few seconds only, and, almost immediately 
on its interruption, the respiratory movements returned, the 
beats of the heart increased, then the sensibility and the voluntary 
movements were gradually restored : the animal was saved." 

M. Li^eois has repeated this experiment upon a large nomber 
of rabbits. M. Dachenne, jun., and mvself have repeated \l WiXfc. 
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in tliG lalroratory of M. Licgeoia nni! in my own, with somewliot 
more precision, by making tlie induced current pass through the 
water moderator, to be described hereafter. We have also experi- 
mented comparatively, with tbe ascending and descending con- 
tinuous current, in asphyxia by strangulation and in asphyxia 
from chloroform. 

The therapeutical resiilta, in all tlia«e experiments, Iiave been 
preciaoly the same; and they fully justify the following concla- 
sions in the report of M. Liegeois : — 

"After the experiments that have been related," lie says, "it 
will be understood tliat it is impossible for us to assign to con- 
tinuous currents, for asphyxia produced either by chloroform or by 
atrangiilatioD, a sujieriority of action over intermittent currents. 
In placing them ou tlie same level, we believe that we shall state 
the truth." 

In their practical aspect, the conclusiona of M. Liegeois are not 
leas important. " If," he says, " we leave the laboratory for tlia 
region of practice, we cannot refrain fi'om assigning to induced 
currents the pre-eminence. In fact, in t!ie first place, it ia diffi- 
cult to have the command of an apparatus like that of Remak 
(specially recommended by JIM. Legrus and Onimus for the 
application of continuous currents in asphyxia), composed of 
twenty, thirty, or forty of Daniell's elements, while it is very easy 
to obtain an induction instrument that is simple of management, 
of small bulk, and that may be carried by the surgeon wherever 
he goes." 

" Moreover," continues M, Liegeois, " by the confession even of 
MM. Legros and Onimns, the continuous currents only restore tl» 
heart's action when applied to the cerebro-spinal axis. It is in 
vain, tliey said at our meeting, to apply tliem to the heart. 
directly, to the diaphragm, or to the phrenic nerves; when thus 
employed, they never restore animals to life. But, in man, the 
efficacy of induced currents applied to these various organs hi 
already received confirmation from experience." 

Upon the last point again, I am entirely in acconl with M.' 
Lifigeois ; and, whenever I have been called to the aid of a person 
asphyxiated, or menaced by arrest of the heart's action or of the 
respiration by some grave disorder of innervation, I have always 
chosen to arm myself with an induction apparatus, not only 
because it is more portable, but also because, under such circam- 
stances, it is capable of fulfilling many important indications 
whicli cannot be fulfilled by galvanization with continuous 
currents; prineiiially in the maintenance of artificial respiration 
by faradization of the phrenic nerve (very preferable, in certaiik' 




rascfl, aa I shall shew hereafter, to either faradisation, or galrant- 
zatioD by the method of Lerov (d'EtioUes); and in tim applica^ 
ttt)n of cutaneotis faradization as a stiniatant of ihe rtspiratioD 
and of the oardiae functions by refl*'i action, in the tn-atment of 
asphyxia or of syncope. I shall haye to treat hereafter of thia 
last method of reflex stimulation of the cord. 

It is not well, however, to be exclusive ; and in eiivumstimces 
where danger is m^ent and has been nnforeseen, the practitioner 
who is hastily called to a case of asphyxia or of syncope ebonld 
know how to avail himself of any means that cornea to his hand, 
of any battery or iaductiou apparatus whatever. Let ii8 see, then, 
how the surgeon should in such cases act ; and how I have many 
times been called upon to act myself. 

I. If we have command of an induction apparatus, whether 
graduated or not, and of whatever power, its current may be 
diminished and controlled in the following manner: — The water 
moderator, which I habitually place in the circuit when I wish to 
reduce tlie tension to a degree infinitely small, may be replaced 
by a wetted baud of any kind of linen or cotton cloth, made from 
pocket-baud kerchiefs, sheets, &c., and from one to several yards 
in length, according to the power of the apparatus. This band 
should be laid out on a table, and one of its elctremities should be 
connected with one of the electrodes of the instrument, the other 
with the conductor to the rheophore that is put into tlie mouth of 
the patient; the second rheophore, which is introduced into the 
anus, couimuuicHtinir by its conductor with the other electrode. 
Under such conditions, the tension of the current will be reduced 
to extreme weakness. Then, in order to obtain the necessary 
power, the length of the moist baml must he gradually diminished 
by placing the conductor of tlie rheophore nearer and nearer to 
the electrode, until, using intermissions about one second apart, 
the conunencenient of reSex muscular contraction of the limbs is 
observed. It is necessarj- to operate with a degree of tension just 
below this, too weak to produce muscular contraction, and by 
passing from the anus to the mouth a current of rapid intermis- 
sious, until tlie respiration and the heart's action are re-established. 

In case the surgeon has at his disposal a constant battery, 
combining all the desirable conditions (such, for example, as the 
large battery of Hiemens, or the new small portable battery of 
Gaiffe, already described, but which are only to be found in tlie 
hands of a limited number of persons), a continuous current 
should be passed between the mouth and the rectum, without 
heed to its direction, which, according to my own experiments, 
has no influence upon the therapeutic result. 
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If, in the place to whicli one may be called to an aspbyxiated 
person, the only battery to be found ia composed of too amall a 
number of elements for the tiseful application of a constant 
current, such as the battery of a telegraph station, or if there 
should be only a battery of inconstant current, snch as that of 
Wollaston, recommendeil by Leroy (d'EtioUes), it is necessary to 
pass a current of rapid intermissions between the mouth and the 
anus, without going so far as to produce reflex contraction. This 
may bo done with as mnch prospect of success as will attend the 
use of the continuous current of a constant battery, composed of 
large number of elements.' 

§111. — Excitation of the innervation of the heart and 

re8pirat0ky organs by means of cutane0d8 faradization 

of the precordial reoion. 

A long clinical experience has taught me that excitation of the 
sensibility of the skin of the thorax, and especially of the pre- 
cordial region, is one of the best means of treating asphvxia, or 
certain grave disorders of the innervation of the, heart or respi- 
ratory organs, by reflex action. The correctness of this assertion 
will be shown by the relation of the most important clinical facta 
that I have collected. 

I, — Treatment of Aiphjxia. 

Artificial respiration by means of faradization of the phrenic 
nerves is the mode of electric excitation that I generally prefer in 
the treatment of asphyxia; but in hands that are unskilful, or 
little accustomed to the operation, it is not free from danger to 
tlie patient. Under such circumstances I advise, as the more 
simple method, cutaneous faradization of the precordial region, 



' I cftnnnt hwn- this )>art of the aiili- 
jiict Vfilhont rcculliiig nniitlier nictliul ct 
golTOnixntion auggeated. in 1S24. by 
Lero; (d'fitiollcii), lauded by him in tba 
treatiuent of asphyxis, and long i:inpla;cd 

"When the battery," he eays, "is 
ready, tho operator takes two fine pins 
prepa>«d fnrtlie purpDHe,i)niy six or seven 
luillimetrea in length, sjid tenninated hy 
disre wbiob ore sunnnnnted by books or 
rings. These pins are iulcndcd to poo- 
vey tbe gaJ-vanie Hnid Iiciieatb the slcin, 
across tno fibres of tlie chivf rotpiratory 
mUBolo. Tbe piua are tltrust into tlio 
sidns of the patient up In (bi-'ir diBca, 
between tbe seventh and eiglitli rib. 
Otie of the eonduclors m then atlaeheJ to 
one of the pins ; and tlie o|iemt(ir. hr>ld- 
ing tbe other rouduclar, toncbcii with it, 




every two aeenods, the bcjul of the «« 
pin on the opiKmite siilu nf tho cheet. 
no proper pins are at bund, a pi 
may bo made, wbieh should not 
tbe thickneKs of the skin, with ■ lanwt 
a penknife, or the points of sciMara, bM' 
through thin pnneture the ealvanio fluid'' 
will uakeitsway. Thepunetunwa* '* 

bo mode in tho situation already 

tioncd, betweeu the seventh and dgbQi 
rib, on opposite sides of the cbest, i" '*'*' ' 
eourseof a line proceeding from we _, 
the stomach to mate tbe oirciut M tiw 
body. The ends of the conductine if' 
should be mode to tanch the wouiids, 
of them in an ialcnnitteat nuumer, 
dcBTribuil for the pins."— /nsfrMofioiw NT 
Imphyxie {in Jonrniil de la SoeiiW ' 
NaltfrafKi. t. iv. IS4IJ). 
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conducted acconling to the principles that 1 have laid dot 
treutiug of thia method of farudizatioo. 

There are also circumstances in which electro-culaneoua excita- 
tion ought to bo employed concurrently with faradization of the 
diaphraguL, The latter is especially indicated in cases nhere it 
b urgent to compel the mechanical entrance of aii into the luuga ; 
tlie former is useful, or even necessary, when, after we have re- 
established the respiration and the cardiac circulation, and have 
dissipated the cyanosis, the patient threatens to fall into a state of 
cumu, symptomatic of cerebral iscbfemia, due to the poisoning 
of the blood either by carbonic oxide, or by the accumulated 
i-arbonic acid if the state of jtartial asphyxia bas been of long 
duration. Then idectro-cutaueous excitation, especially if applied 
to a certain zone of tlie precordial region, reacts ujiod those points 
of the nervous centres which govern the innervation of the breath- 
ing and of the heart's ai-tiou. 

The therapeutic value of this method, in the treatment of 
this kind of asphyxia, is placed beyond doubt by tho following 
history : — 

Case V. — Asphyiia hy enihonie oiicfc ; n/arneo of irsiii.-iitiun ; lirail't acliun 
wrg /alir, and (miff liito/perable by UKXcidtutiim ; clirr l-y (iitiucnit /uradKiilivn 
of thr jirreonliat rryion. 

A iMKtrjTOok'a lioy, fiflocn joare old, of oeceutric uhamcter, had endenvoared 
to iliwwii some imiigiUAry troubloB in drink ; and liud the notion, in bis intoxi- 
cation, to try to SGphfxiato lumself by ureeiiiag, during tho night, into a sort 
of hula situated over his moster'E oven, where he remained to sleep hinvwlf 
soliur. Tlic next morninK, the men who went to light the fire ^w one of his 
fMit. anil dniw him, Kcemingly lifults?, from the place where ho liiul parsed tho 
night. Living in the sanic house, I was able to try, a few minntes later, to 
roooll lum to life by faradization. His face was blue, there was no respira- 
tion, a mirror held before his li)>s remained untamisbed, no pulse coitid bu 
felt, ttic action of the heart was not discovoinble by the hand, but on ausculta- 
tion, (eeble valvular sounds weiu heard. Wliilo 1 made tliin examination my 
induction apparotoa had Ikuu gut ready by my son, who assistod me. 1 was 
about to excite artificial respiration through the phrenic nerves, when I saw 
that the rheophores had been forgotten. The danger being very urgent, I 
iuHtanlly appued tho metallic extremity of one uf the conductors of tho in- 
duced current of my instrument (at its maximum, and with rapid tntermis' 
sions) over tho left nipple, and moved the other conduetor about ovtr tlio 
apex of the heart. After a few seconds, alow and weak respiratory movu- 
mcnls apptarcil, and increoEod progressively in frequency and depth; and, at 
tlie end of a minute, the pulse could be felt. Soun afterwards, the face 
aamtnted a slight oiprowon of pain. In a few minutes the patient uttered a 
faint groan, and moved first tho arms and then the trunk, as if to remove the 
otHiductorB faom his cheat Tlien ho gave a loud cry, kicking with his foot nt 
the people surrounding him, and Itgan to reply to the queetions that were 
asked. In live or six minutes the respiration and circubtion tvere ru-i«tal>- 
lislied, the colour of the bee was natural, and the intelligence had returned. 

He appeared to be savod. However, 1 ordered sinapisms to ho aoplied to 
tho limlH and tho precordial region, and wsmed bis nuuiter thut Fie might 
fall lack into a statu of coma, from the toxic infinonco of the ciirboaie osido. 
In fact, u few miuutus aftur tho suspension of the cutaneous farodiKatiun, he 
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no longer replied to questions ; bia respiration slackened, at times he 
as if he forgot to breuthe ; his fiice became rUsmiluiited and his lips blanched; 
then the breathing became stertorous ; lie could not feel when pinched ; in & 
word, he was asithyxiatwd afresh. He was qnickly restored by ontaneous 
faradization of the precordial region, apphod this time less severely, as it waa 
quickly and acutely felt It was continued by my son for about twcWa 
minutes, until the respiration, circulation, and inteltectuul Acuities, were all 
completely restored, aiid he could stand erect and walk. 

Believing this cnre to be only apparent, I ordered his removal to the Hdtdl 
Dieu, to the wards of Professor Trousaeau, whore I shortly followed hint. 
Foreseeing that the oarbom'c oxide would continue its poisonous action, and 

Sroduce a return of coma, I had plnced sinapisms upon his legs, and had 
irected the jwrson who conducted him not to let hira sleep. An hour later 
1 found him in the hospital, in a stato of coma, into which he had fallen un 
the way, in spite of the efforts of his guide, who bad in vain slapped himio 
try to keep him awake. It was necessary to return to the electro-cutaneous 
excitation of the precordial region, and U> repeat it several times during the 
day, as well as to apply sinapisms over the body, before we were entirely 
freed, towards the evening, from the tendency to consecutive coma, due to 
the poisonous influence of the carbonic oxida 

lu this cuse we iiave seen a lad who was asphyxiated by carbonio ' 
oxiiie, in whom the respiration had ceased (it was not known for 
how long a time), and in whom the feeble action of the heart w(u 
only discoverable by the ear. 1. He reeovered entirely, in a few 
minutes, under the influeuee of jireeordial electro-cutaneous excita* 
tion, his respiratory and cardiac functions. 2. He fell back many 
times into the same state of coma and asphyxia, shoiily after 
the suspension of faradization, whicli, persoveringly re-applied 
on several occasions, during nearly a whole day, fioulty triumphed 
over the asphyxia. 

It was incontestably and solely to the faradization that th( 
rapid disappflurauce of the grave synaptoms was in this cast ' ' " 
attributed. The proof of this aasenion rests so plainly i 
filiation of the facts, that it seems useless to dwell farther upi 
the point, 

I proceed to describe briftHy aTiother case of aspyhxia by car- 
bonic oxide, which brings into prominence the therapeutic value 
of reflex excitation of the nervous centres, by cutaneous faradiiA-j 
tion; and at the same time sliews the necessity of continuiuf 
the application for a long time, until respiration is perfectly re 
etttablisbed, under penalty of seeing the asphyxia return and let 
to a fatal is.sue. 

CujK VI. — I was called to a woman asphyxiated by carbonic oxide, in Ij 
Charitd mider the care of M. Andral, where she had, been conveyed on til 
previous evening. In a short time I restored the respiration and the heart's 
action to their normal state, and had dispelled the coma. The patient had 
so far lecoverod her intelligence that she was able to give me mfbrmation 
about what had happened to her, and about all the symptoms of her asphyxia. 
I believed her to be safe. But some hours later she relaxNied into somnolenoo, 
and, although trcAled by sinapisms and oven by blisters, she died diuing 
course of the night. 
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If, in this case, the faradizatioo had been coiitiDued, oa in the 
Btibje«t of Case V„ the patient would probably haye been saved. 
From tills example, confirmed by what I huve seen in olhcrs, I 
have como to the conclusion that patients asphyxiated by carbonic 
oxide, and ia whom electrization has removed all traces of asphyxia, 
are still threateued, for a certain time, with a relapse into coma 
and asphyxia ; and that it is consequently necessary to continue 
the peripheral excitation for a considerable time alter the patients 
have been recalled to life, and to apply CQtancous faradization to 
the precordial region, as soon as any tendency to sleep or to coma 
beeunies apparent. It was to the observation of these precepts 
that the young subject of Case V. owed his lif& 

It is iuipurtaut to add that the danger which threatens theae 
patients ia a result of the bluod poisoning by carbonic acid pro- 
duced by the asphyxia itself; and that it is greater in proportion 
to the length of time that the asphyxia has continued. In support 
of this proposition, I could cite many examples from my practice ; 
bat Hliall only relate one, and that concisely : — 

CoK VII.— I was called, Bome years iiEo, by MM. Troiisseau and Chailly, 
to a cOGU of uephfxia in s new-boru tuTaul, At birth it gave no sign of life 
(the labour bad been long and difficult), and it bad be»a Testared inune- 
diately \>y artificial respiration, mode from moutb to mouth by Chailly ; but, 
however ^rolongied and oenewed this process, and in epitc of stimulating 
frictions, it reuiaiuud in a state of semi-nspbyxia from two o'clock till eight 
in tlie morning. At the time of my arrival it hod not breathed for abont a 
uiiuutD. I mo?ed the metalUc rheofiliores of my induction apparatus over 
the precordial region, and In five or six seconds witnessed respiratory move- 
meats, feeble at lirst, but becoming more and more developed, and leading, 
tyt tbe first time, to the cry of the new-born, until, imder the iiiflueuce of 
deep inspiration, the tividity of asphyxia had disappeared. We thought all 
w» aafo- Nothing could express the astoniBhnient and delight of the family 
at tlie result. The infant was tlie first grandson of one of the kings of 
ttnauoe. But ten minutes later it relapsed into coma, tlio breathing became 
more and more slow, the hpe were once more livid, and, in a word, the as- 
fibyxia re-appearud. I succeeded ^ain by the former poxxiess of iaiadi2atioa, 
to wUieh I added artificial respiration by aradization of the phrenic nerves, 
proctLwal for five or six seconds. Ten minutes later there was another 
reinpee, foUowed by a renownd sncceas team tJio cutanoous faradisation, which 
this time acted more slowly. In another quarter of an hour the as)>hyxia 
pkiued the upper hand, and the infant died. 

L — Treidment of gave fuiielional disorders of Vie cardiac nrcttla- 
lion and (lie respiraiton, s^mjilomalic of a di/tuimic central nervous 
lesion. 

Excitation of the medulla by reflex action, by means of cutane- 
i faradization of certain zones of the thorax, will modify or 
—I. grave disorders of the cardiac circulation, symptomatic 
C a paralytic condition of the vagus, produciDg 8yncoj>e that is 
fpiuetimes filial, by stoppage of the heart ; "2. d\aQt<iL>i.ta qI 'Cii« 
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respiration, sucli as paresis or punilysis of the expiratory or 
bronchial muscIcB of Reisscsseti (jmi-ulysis of the lung); H. siinplo 
or comatose apncca, produLring consecutively au aceumulatioti 
bronchial mucus and asphyxia. 

A. — The following clinical observation is the proof of the 
first 



Case YTTT — Oram daorder of the eanliae innerviilion and I'f erpiralioHf 
in eoHaequmce of diphtheritic pmvmahg. ^^ 

SciDf ABr. — MeTnbrarumt an^-na attacking a large turfaa, in a ladg 
one years old ; diphtheritic potaming ptodudng, oa the gixteenlh day, pantli 
of the pharynx and the toft palate, and towards the twenly-tevcnth day, of 
a mucuTHi^t) of Uree month* aiid a haif,oUicr paroJytie pheaanuna aympiuiaaHtl 
of a laiun ^the medvlla; namely, — 1, Grave ditorder of the cardiac circulation, 
due to paralytit qf the "ogitt, and removed by elight eutaneout faradiaition ^ 
the precordial reyion. 2. Two dayi later, temporary diplopia, lasting an hour, 
and irtifoediately followed by hemiplegia of the left tide ; which wot cured m 
un hour by ealaneoae faradization of the paralysed partt. 3. Fum or Mree 
hoi$r» later,a retitrn of grave functional dUorder i^the circuioliun; cured aj^'it. 



tion, $ymplomalie nf paralyiit of the intriane expiratory muacleE (bronchial 
vmtdes of Beiiwiscn) or, in other wordt, paralt/sie of the lamj; removed imme- 
dialdy (,for {lie sjace of half an hour or tin Auur), and on diffemit vceanime, 
by eiUanvous farmlization of tlie dortul aspect if (Ac dtest. 5. Lattly, forma- 
tion of bronchial mucus from u:ea/tucas or pnmlysit of expiration, and death « 
the Oiifly^ighth day, at two o'clock in the morning. 

MadaiDB X., 21 years of age, and throe months ndyancod in pregnancy, t 
attacked, on tJie 22nd Fohraary, 1869, with a mombnmoiis angina, foUowi 
a cold. It seems enperfluous to describo the Ejmptoms of the angu , 
which, under the core of MIL Barth, liicord, H. Boger, and DcBcroizillM, 
charged specially to remain day and night niior the pnlient, followed I 
regular course up to tho time of conTalcBcenw. when, on the lOih of Mar *"" 
there appeared paralysis of tho pharynx and of the soft palate. It folloi 
that deglutition was rendered diffiralt, and tliat tho patient eonldtoke o; 
hqnida, soups, and slops. Nevertheless, Madame X. began to regain 8ti 
and it was hoped tliut her convalescence was established, when, . . 
morning of the 21st of March, severe uterine pains announced the approMlE^ 
of a miscarriage. Although this took place regnlarly, and produced no 
hnraorrbagQ, it was folUiwirf by derangemcnta of the reBpiration and drcUT 
Utimi, of extreme severity. MM. Iktrth, Hicord, H. Koger, Campbell, and 
Deecroizillcs, who hod passed the night in attendance, and who hod eao- 
cessfully encountered, by the aid of diffusible stimulants, a state of synoDfa'M 
tliat had several times placed her life in danger, were still unable to trmtrj 
cotiie very grave diaordera of the circulation uud the breathing. 

On the following morning, tho 22tid of March, my confreres wished t 
call in the aid of electrieily. They asked me — 1. Whether in such a 
case on electrical treatment afforded any hope of success; 2. liy wfai' 
mode of proceeding it would bo possible to direct the thenipeiitio actit 
U{ion the functions or the parts of the nervous a^ntreo that 1 
upon by the dijihthcrilic poison; and, 3. How, by faradization e 
zation, wo might resist the sjneope or the asphyxia tliat n*as immii 

Before replying to these quc^^tiou-s, I examined the patient ; and tho fc^J 
lowing were the ehicf conditions that 1 obser\-ed :— Face very pale; 
discoloured; the noGe and extremities cool; precordial weight and sen 
BuBbcation; respiration a little jianling, although the rytlim of the mov&'S 
mcnts was normal, and there was no poralysiH of the diaiihragm, no omphf- V 
Bcnia, and no rdkn ; the pulse small and very frequent (Ib6 to UO), irrcgnlftfif 
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nnil 80 iotcnnitt^nt that »is or eight successive pulsations were ofton wnnting ; 
by aiiscultatioQ of tho heart it was impossibli) to rocogni7-o the rfthm of 
the movemente, and I heard only some alight dull aoimdH, unequal and 
much disordered. Thuro was no elevation of temperature, but a parulysis 
of the pharynx and Um soft palate, dating from a ttmo much anterior to 
the appearance of the symptoms fur which I hod been summoned. 

I recognized, in the whole of these cardiac and respiratory diBOidera, the 
characteristio phenomena of paralysis of tho pneunu^astrio nerves ; and I 
conceived that, iu this patient, the diphtheritic poison exercised a morbid 
influence over tiiat part of the nervous centre— the fourth ventricle— that 
goyerns the innervation of the heart 

According to this bypothoais, what shonld bo tho therapeutic action of 
faradization ? Excitatiou of the phrenic nerve, iu a case where the diaphragm 
was not paralysed, and where there was no sign of as|)hyxia, did not seem 
to mo likely to exert a beneficial mfluenco upon tho oislnrlianoo of tho 
cardiac circulation, and upon the fouling of euffocation. Faradization of 
the pnoumt^astric and superior laryngeal, at the point where these nerves 
ore in relation with the eides of the pharynx, might, indeed, modify favour^ 
ably the innervation of the heart and Inngs ; but the proceeding, although 
very easy of performance, is extremely dangerous; and, even in small doeee, 
may arrest the heart's action and the breathing. It was not even to be 
thought ot 

As, however, it was needful to act, I determined to endeavour to modify 
the morbid state of tho centre, which gives origin to the nerves of tho 
heart mid longs, by the electro-cutaneous excitation of a region in relation 

Was it not possible, however, that tho diphthcritio poison, in modifying 
the dynamic state of the patient, had rendered her unusually sensitive to 
electric excitation ? Shonld I not cipose myself, by acting a little too 
Ijowerfolly, to a risk of stopping the heart ? 

After having well weighed the value of these and other considerations, I 
performed cabineous Gmidization, by means of tho electric hand (see page 
90), over the precordial regiou, principally at the region of the a))es of 
the heart, being careful to commence with an extremely feeble doso. I 
then gradually increased the intensity of tho induced current, the inter- 
missions of wliich were rapid, until it produeod slight tingling of tho skin. 
Wo then hod tho satisfaction of seeing ray anticipationB realized ; for, after 
a few minutes, and during the passage of tho current, the pulse diminished 
in rapidity, and beeiuno nioro full and n^ilar; and after a while the pn- 
cordial weight and sense of sufKx^ation oisnppeared. It was necessary, 
however, to retmn to tlie cutaneous fUmdizatiou several times during tho 
dojr, in onlor to dispel definitively tlio diphtheritic perturbation of the in- 
uervation of the heart, which hod shown n tendency to recur. 

In order to omit notliing, I should mention that, together with the precor- 
dial Giradization, we employed and continued, during the whole course of tho 
trmtmont, the diCosiblo stuuukuts internally, and Ute peripheral stimut&uts 
extemnlly, which alone, hod fulled tu improve the innorvation of tho heart; 
that oxygen was frequently inspired ; and that tonics and such alimentation 
were given as the pbralysis of the soft palate and the dyspba^i would allow. 

On the following days, no disorder of tho cireulatiou or reepiiuliun tv 
appoumd; and our fiatient suffered only from tho palatal and lanugeal 
mmlfHis, against which 1 could do nothing under such ivrious contutiona. 
We thought life no lunger in danger, wlicn, on tho 'iUth of March, almnt 
fbnr o'clock, the digilithuritic puJMiuing aiiuuuncvd its return liy ■ diplopia 
that lasted an botir. Then, about five o'clock, Madame X. was Rudilciily 
■truok by complclo homiplegis of Uio left side, with Ions both of iwnsaliou 
sod of motion, but with no ini)iuirnicnt of the intelligence, of the heart's 
action, or of the respimticin. 

Conwdering Uiis iiaralyais to he an evidence »f a now invoidnn, by tho 
diphtheritic i>oison, of a iiortion of tito right b&lf of the niuduUa ubiungabi 
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(prohitbly of the antorior pyramids or tlieir proloi^tioiis), I did not hosT-' , 
late to eucounter it by tbu same monns tlmt had aucceedwj against the 
paralytds of the nervcti of the heut and liinga; by the electm-cntaneoxis 
excitation practiRed by the hand over all the enrfaco attacked by paralyeis 
of motion and of eeneation. On this occasion, also, we were not deceived 
in our hope; for. after eight or ten minutes of this eUght peripheral exci- 
tation, the sensibility had in great part returned, and voluntary moTement 
coon followed, a) though •muscular faradization hod not been practised. In 
four hours the hemiplegia had completely disappeared. 

The hemiplegia, aias! wrs soon replaced by new indications of pnenmo- 
gaatric paralysis, more serious thtm those which had preceded them; for 
BUBpension of the iieart's action returned more often and continued longer. 
I soon succeeded once more in removing this symptom, by slight faradi- 
zation of tho cutaneous precordial zone which, according to the therapeu- 
tical results previously ootainod in the case, seemed to be in relation with 
the origin of the pneami^astric. Unfortunately, this renewed snccees lasted 
only for about a quarter of an hour From this time we were compelled 
to maintain, day and night, an incessant strife against the tendency to 
stoppage of the heart Every hour, or half hour indeed, the poor lady was 
attacked by the some cardiac troubles, which became more and more pain- 
ful, and drew groans from her. On tliese occasions the pulse, which became 
small and irregular, improved again and again under the influence of electro- 
cutaneous excitation of the precordial region ; and the patient was able to 
oompose herself to the sleep of which she had such need 

After two days of this struggle against the diphtheritic poison, the electro- 
cutaneous excitation seemed to have trinmphed anew. The symptomB of 
pneumogastric paralysis had disappeared, and the rapid pulse had re- 
turned to its normal state and so remained. 

But, unfortunately, this improvement was but a brief respite; for nervoua 
disorders of a new kind shortly appeared, and this time affected only the 
respiration, which became sighing and more rapid. Ten or twelve normal 
respiratory acts were followed hy about the same number of abnormal move- 
taenie, which were more rapid in their character, and were each composed 
of a fuU and long inspiration, followed by a short and feeble expiratioo. 
Madame X. was soon awakened by a most painful orthopncea ; she was euf- 
focatfd, she said to me, as if between two mattresses. There was no blne- 
nees of the lips, because the air that freely entered the bronchi was sufficient 
for hramatosis; although the air that there was no jxiwer to remove from 
the smaller ramifications, had become irrespirable, and this occasioned the 
dys|ince». 

The electric hand moved over the precordial region afforded no reUef. It 
was only by exciting the skin of the poatorior region of the chest, that I was 
able, after the lapse of eight or ten mmufea, to render the brentliing regular. ' 

The paralysis of expiratory iwwer returned after the lajise of an hour; 
and shewed itself, as on its first ajipcarance, by sighing respiration, soon 
followed by moot painful orthopncea, producing groans. The horizontal 
position, which she had long maintsiiiea ftw few of syncope, liecnme insup- 
portable. She found no comfort but by sitting up in her bed, with the boaj 
cent forward; an attitude that she maintained until I had restored Uia 
breathing to its natural state. This paralysis of the bronchial muscles <rf 
Seissessen (the intrinsic expiratory) filled mo from the first with great dis- 
quietude, although the hsmateds had not appeared to suffer, judging from 
the colour of the h'pe and the &ce. But I coiild not foil to see the prraenoe 
of a new danger, fully as great as those from which the patient bad escaped. 
Indeed, from the weakness of her inspiratory movements, she had great 
difficulty in expelling the abundant mucosity uiat had already formijd in the 
larynx. She could accomplish the expulsion only hy very violent efibrta, 
which left her completely exhausted. There was only too much reason to 
few that, if this condition should be prolonged, the accumulation * 
'n the bronchi would become a cause of Qs]>hyxia. 
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Soeh imTortnnately was the coso, althnnfili I Iind (mcccedcd for tlio 
tnoment in relieving tbo ortliopiKEa by niight oTectro-ciilfincona pxcitation 
of the dorsal sorfaco of the hrnnk, and liad tliua obtained some hours of 
repose. In the stniffgle in which I had been erpaged against this paral.VfiiB 
of the long, I had retained, up to the last hour, the hope that b; prolonging 
the life of the patient we should at last exhaust the deadly influence of the 
diphtheritic poison, which had already been driven from other points of the 
spinal oord. But we were at last compelled to recognize the near approach 
of death, when bronchial rHlcs and a sbght lividtly iadicated the commence- 
nient of afiphyria. From this time we had only to watch the progress of a 
long and painfiil struggle. Death took place on the 2ih1 of Apnl, about two 
o'clock in the morning. 

Bemarks. — The case is interest iug from manj' points of view ; * Lut, 
not to wander from my subject, it is necessary that I should bring 
into relief the influence that waa exerted by cutaneous faradization 
over the grave disorders of the cardiac circulation, and over the 
paralysis of the intrinsic expiratory muscles of Reissessen; — in 
other words, over the paralysis of the lung, which, at tlie last, 
produced asphyxia and death. 

Tlie results obtained, under these circumstances, by cutaneous 
precordial faradization, so far surpassed my anticipations that 1 
should doubt thera even now, bad they not been witnessed also by 
the learned physicians who called me to the ease. 

a. Let us examine these results in their physiological aspect. 

The grave functional disorders of the caniiac circulation which, 
in the case of Madame X,. I had at first to combat; that is, the 
extreme rapidity, smallness, and irregularity of the pulse, with 
syucflpe or the danger of syncope from stoppage of the heart, the 



* I have mppttned, in tbe a.hme hift- 
toy, nBDj interesting delaila that were 
Da4 oeceHBiy to the demcnutrstiou of the 
electro-thenpentic questioiu that are 
ondej ducQaaioa. There io. however, one 
rinmnstantw that de«-Tves mention, on 
acfODnt of its importaiice. and that ig, the 
aboeuof of elevation of temperatme dur- 
ing the pmlacUon of nervous didorder* 
of extreme roklignitj. I a*Fertaiti«l tliia 
by tlie thensomeler, in coujanetion witli 
H. UesToiiillee. nho, during *1I the 
weeks of the illncat, wus iwaroely ever 
■laent bom the putient. If, then, the 
■eveijty of the diphtheritic intoiiratiun 
ooold not be eiplaiued l^ eicessive ele- 
vatum of temperalnre, it is probable that 
the poiaoDoua action may be explained bj 
nme change in the blood, of the natnre 
of which we are ignoTant. Such a hypo- 
theaii ie mpportrd by the eirennutanee 
, tliat there wu an intestinal hamorrhage 
^Wfth severe oolirky paioa. and Beveml 
'ectwve evacuations, on the day foUoiw- 
S the Qrat a|^iauiu>oc of ~-~ — '■- 




order. This was not mentioned in the 
hi»tflry of the case. 

False raembcanea having been found 
mingled in large qnantity withthe bloody 
■toola, we ail thought that tile hemor- 
rhage probably proceeded from those part« 
of the intestinal surface upon which the 
fahie membntDei bad been developed. 
These false membraues having been ex- 
pelled tico days after the abortion, we 
were for an instant led to suppose that 
Ibey might be uterine <Ubtu, that had 
padt«d from the vagina at the moment of 
the alrine evacuation ; but a mirroacopic 
examination shewed them to poaaees all 
the anatouucal characters of false uMm- 
braae. Their development over so large 
a Burfaoe ted as to fear thai the degree of 
poisoning mi^t be in proportion to the 
extent of this surface, and made as better 
understand the full gravity of the case. 
Moreover, the presence of albumen, for 
some days, in the urine (another fai^ 
omitted from report), atlUed still more to 
the peril in which MBda&ibT..ii«aV*'<^ 
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precordial weight, anil the suffocation, were in my jiidf^ment symp- 
tomatic ofthe paralysing influence of diphtheritic poisoning npon 
the origin (ganglion) of the vagos nerye. Such, indeed, are the 
eymptoms which display themselves in an animal in which the 
pneumogastries are divided; excepting, of course, the sensations 
of precordial weight and of snflbcatioD, of which the animal could 
give no account, I have also oltsorved the same symptoms in the 
last stage of disease (glosso-laljio-laryngeal paralysis); that is, at 
the period when the anatomical lesion, which appeared to be 
ascending sclerosis of the cord, with wasting of certain cells, had 
reached tlie ganglion of the vagus. 

I observed that, whenever these functional disorders of the 
cardiac circulation appeared in Madame X., they were removed, 
as if by enchantment, by cutaneous faradization of the precordial 
region ; and if I departed from that region, moving my mannal 
rheophore to other parts of the chest, the patient experienced no 
benefit, and quickly pointed with her own hand to the precordial 
region, to indicate the point to which the electricity should ha 
applied. 

yince, in this kind of therapeutic experimentation, the excitation 
of the sensibility of the skin, practised in the precordial r^on, 
was alone able to modify, and even to remove, by its reflex aclion, 
grave disorders of the cardiac circulation produced by a morbid state 
of tlie innervation of tlie pneumogastric, it is reasonable to cou' 
elude that there exists an intimate relation between the cutaneoua 
sensibility of the precordial zone and the origin of the pneumo- 
gastric ; or, in otlier words, that the former is in reflex commu- 
nication with the latter. 

Another therapeutic result, observed during the prf^ress of tlie 
case, confirmed the belief that a special reflex action is exerted 
upon the pneumogastric ganglia through the cutaneous 
of the precordial region; and this was the fiict, that certain dis- 
orders of the respiration could only be overcome by cutaneous 
faradization of anotlier thoracic region. It was found that fara- 
dization of the precordial region was powerless against the 
weakened expiration (paralysis of the lung, or of the broachtal 
muscles) which followed the pneumogastric paralysis; while fara- 
dization of the back of the chest relieved this weakened expira- 
tion on several occasions, so as to diminish or dispel, for a certain 
time, the sufferings of the patient, to give her some repose, and to 
delay, for several days, the asphyxia which at last terminated the 
scene. We may therefore conclude also that the sensibility of: 
the cutaneous zone of that thoracic region which correspond* 
to the posterior aspect of the lungs, is in special relation with tha 
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point of origin of the ncrvrms fibres which supply the intrinsif 
expiratory nmscles, or bronchial niuecles of Keissessen. 

b. Every one mart perceive the practical bearings of the fore- 
going physiological coiisiderat ions ; which load directly to the 
foUoiviug conclnsious, 1, Eloctro-ciitaneoiis excitation of the pre- 
cordial region around the apex of the Iieart is one of the best 
means by which to encounter syncope from arrest of the heart's 
action, or otlier functional disorder of the cardiac circulation, 
symptomatic of a paralytic condition of the vagus, without organic 
lesion. 2. Electro -cutaneous excitation of the posterior region of 
the che^t exerts a special therapeutic action, in the treatment 
of paralysis of the intrinsic exjiiratory muscles. 

The following, in a few words, is the physiological explanation 
of the facta above stated. In the case of Madame X., tlie slight 
electro-cutaneoua excitation of the precordial region, acting in a 
reflex manner upon the ganglion of the pneumogastric, restored to 
the nerve the power, of which its paralytic state had deprived it, 
to control tlie action of the heart. It had, in other phrase, put 
the heart once more under a curb, and hence followed regulation 
of the cartliac circulation, and disappearance of the grave nervous 
disorders that were symptomatic of pneumogastric paralysis. A 
similar theory is applicable to (he therapeutic influence exerted 
by electro-cutaneous excitation of the back of the chest over 
paralysis of the power of expiration, 

c. The case affords also valuable instruction, with regard to 
the choice of a method of electrization, and with regard to the 
manner of its application under similar circumstances. 

When it was decided, in consultation with my colleagues, that 
reBex faradization of the medulla oblongata was indicated in the 
case of Madame X., I at first proposed to them to pass an induced 
current from the mouth to the anus. (I showed them that with 
my water moderator, or with a band of wetted linen in the circuit, 
the current could be so reduced as to be scarcely appreciable 
by the tongue, and could be gradually increased.) Notwithstand- 
ing the assurance that I possessed (from experiments that I had 
made ui>on animals, and even upon man}, that I could regulate at 
will the degree of this reflex excitation, I proposed to commence 
by slight action upon the sldn of the precordial region, in order to 
discover what was the degree of excitability or of tolerance of the 
patient. It will be remembered that, after having used at first in 
this way a very feeble current, the intensity of which was pro- 
gressively increased, the disorder of the cardiac circulation was 
^r^eved in a short time. 

This result so far exceeded my expectations that I was at tiirt 
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anwiiling to attribute it to the slight eleotro-cataneons excilAtion 1 
that I had praotiaed. In the cases of asphyxia already recorded, 
in which ))recordi&l faradization had given me a resnlt not less J 
important, I had found it necessary to increase the current to the I 
highest d^ree of intensity. But when I beheld cutaneotia faro- j 
dizatioD of the precordial region, although applied only of feeble \ 
intensity, and with the electric hand, overcome such grave dis- 
orders on Bucceasive occasions, I felt it necessary to place the f 
on record. 

If, instead, of acting with this prudence, and feeling luy way, go 
to speak, to the degree of excitability of the patient, I had in tlia 
first instance passed an intense current, the result would have 
been wholly different. This, indeed, was shown in the case <rf 
Madame X., by an accident, on one occasion of the recurrence 
of the disorder of innervation of the heart. I bad all in rcadinesa 
to relieve this disorder in the way that had always succeeded; 
but, the apparatus having been moved, its graduating cylinder had 
been entirely drawn out without my observing it. The acute 
excitation that the instrument then produced was followed by 
slight syncope, and momentaiy stoppiige of the heart. However, 
the cutaneous faradization of the precordial region, that I practised , 
immediately afterwards, soon subdued tiiis nervous disorder. 

Physiological experiments jterfectly explain such accidents. ' 
They show that a powerful excitation of the pneumogastric pro- 
duces stoppage of the heart's action, and of the respiration. ' 

The general conclusion to be drawn from the foregoing is, that, 
in certain morbid conditions, the general excitability is greatly 
increased; a proposition that I have already laid down. Con- 
sequently, if called upon to encounter, by the aid of cutaneous 
faradization, grave nervous disoixler, it is necessary to proceed 
gradually, and to proportion the intensity of the current to thft 
degree of tolerance or of excitability of the patient, under penalty 
of producing more or less dangerous mischances. 

Under the influence of ideas that are sufficiently old, and that 
have been promulgated anew by physiologists whose only practical 
experience upon tiie point is based upon their experiments on rats 
and rabbits, and who on this basis have seized u|>on the Academy 
of Sciences and the Surgical Society, I was disposed, as I have 
said, to pass a current, in the case of Madame X., Irom the mouth 
to the anus. But, when I observed her extreme excitability, I 
accepted it as a warning not to expose her to such a method of , 
reflex excitation of the cord and the medidla oblongata, — a method , 
inSnitely more powerful than the very feeble cutaneous electriza^ ] 
tioD that I put in prai^tice. Even supposing that the formerJ 
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If, in the fa reE oia g inituicGe, I bad bad to deal with paaljse of 
the diaphiagn, I Aovld have fm^iofeA '■««****«™ fuaduaticn 
of tbe base of tbelham; ahboagb it does sot aeem to me to be 

proTed that this ' ^Mwy* tegitai ia in refits relatioa with the 
origin of tfae pbrenie aerre. Mj doabt npnn the qnestinn is 
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dne to the failure of excitation of tbis region, in a case of dia- 
phragmatic paralysis from diplitheritic poisoniTig, which was only 
cured by faradization of the phrenic nerve itself. 

Cnse X.— A little girl four mouths old, who had suffered from (liarrhcea for 
Beveral days, became the subject of a rather large ulceration, covered with 
taXae membrane, iu the neighbourhood of the luubiliciis. Although the child 
hud had neither croup nor angiua, the diphtheritic nature of this liilae mem- 
brane was not doubted by MM. Barthez and Troosficaa. Some daje later, 
the child was attacked by geDoral paralyeia, which continued for fortj-eight 
hoiiTB, and was followed by complete aphonia, with estreme difficulty of re- 
spiration and deglutition. Every attempt at suddug brought on cough and 
chofcing; and under these periloua conditions, I was called to the case. I 
found, besides the conditions mentioned above, paralysis of the diaphragm, 
the Higne of which will be described hereafter. AiW having used electro- 
cutaneous excitation of the base of the thorar, without any appreciable result, 
I applied faradization to the phrenic nerves, and the diaphra^atic respira- 
tion soon became normal. Tne paralysis retunted several times, but was 
always overcome in the same manner. After farad izatioc of the soft palate, 
tlie pharynx, and the anterior Eurfoce of the neck at the laryngeal level, the 
infant sucked better aad its voice improved. It was completely cured by a 
few applications. 

Before leaving the subject, I should remark that, in the history 
of diphtheria, the varieties of paralysis incidental to the period of 
poisoning have not been analysed, or rather, have escaped observa- 
tion. I hope it will suffice to have mentioned them, in order, for 
the future, to call attention to their oc^cur^ence. I believe they 
are not extremely rare ; for, during the short time that my own 
inquiries have been directed to the subject, I have met with 
several examples. 

B. — I come now to the therapeutic effect of excitation of the 
metlulla oblongata by reflex action, by the aid of cutaneous fara- 
dization, in a Idnd of apncea, a neurosis characterized by the 
absence of the besoin de respirer, and which, for a certain time, 
renders the respiratory movements infrequent, or even suspends 
them. I will cite, as an example, an instance in which I observed 
this singular functional disorder, and cured it by cutaneous pre- 
cordial faradization, and by faradization of the diaphragm. 

Cate XI. — Neuresit eharaeterUrd by a kind of opnaa. Cure fty evtantout 
faradization of the pr'cordial rri/tim, niid by faradiza/ion of the phrenic nerve. 
The patient was a young man of 17, of nervous temperament, in whom there 
was developed, after a disorder of the cheat (pneumonia?) a singular derange- 
nient'of the respiratory functions. At intervals, he cessed to breathe for from 
thirty to sixty seconds, without feeling the least inconvenience, although a 
slight degree of cyanosis became apparent in Ids lips and face. Then, after 
this temporary arrest, came a deep, suspirions, noisy inspiration, such as it 
would be difficult to imitate by intentionally making an exaggerated si^; 
and this eisgular, and as if Kpasmodic inspiration, would then be repeated 
many times in succession. At the commencement, this scijuenee of events 
only took place five orsix times a day; but the recurreuccR tiecome more and 
3 frequent nntil they were almost continual, and were most remarkable 
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when the patient's mind vae occupied about himself, and liia attention was 
directed to his breathing. The sighs then sacceeded each other almoet 
without cessation. This condition had continued for sis weeks, without 
affecting the genera) health, when the patient naa sent to me b; my fiiiend, 
M. Borl.hcit. 1 coDEidered that I had to deal witb a neorosiH that coDBisted of 
a tcmijorary abolition of the inslinctive craving to breathe. According to 
this hypothesis, the sighs that followed the period of apnces would be only 
the satisfying of that craving, which remain«l iinfelt until the deficiency ol 
luematosine amounted almost to cyanosis. Together with Uur, there was a 
spasm of the diaphragm, produced by the Bighs and by the elevation of the 
epigastrium and hypochondria which followed them, or occurred when the 
patient thonglit about them. It seemed that each of these idngTilar attacks 
presented two well-marked periods ; one charHctorized by apnoea and cyanosis, 
the other by convulaive contraction of the inspiratflry mnscles and dia- 
phragm. 

Excitation of the diajihragm by faradization, practised every day for five 
or ten minutes, and with slow intermissions, had for its immediate effect to 
imTease the functional disorder ; but some time afterwards the sighs becune 
Ie«s frequent. The apphcation producing only a small degree of improro' 
ment, I employed also cutaneous iaradization of the precordial r^ion. From 
this time tte disorder rapidly diminished ; and, at the end of a month, the 
patient was completely cured. 

The kind of weakening of the inspiratflry nervons excitability, 
by which this case was charactfirised, alarmed M. Barthez and 
myselt It seemed to us to be symptoiuatic of a morbid conditioB 
of an important central point of the medulla. We felt that, if 
this condition increased, asphyxia must be the result. Influenced 
by this belief, and not thinking that the functional derangement 
was produced by any organic lesion, 1 had recourse to faradizaticm 
of the precordial cutaneous zone that is in reflex relation with the 
pneumogastric, and, as has been said, was rewarded by complete 
success . 

I have also employed the same motle of electro-cutaneons 
excitation whenever I have been called to patients in whom the 
respiratory nervons excitability had been weakened or paralysed, 
by whatever influences, to the approach of apncea ; that is to 

I say, 90 as to slacken considerably, or temporarily to abolish, the 
respiratory movements, and in this way to lead to asphyxia. 
V 



Part the Third, 

Ion the therapeutic value op localized faradization. 

wl. Brief etepogition of rlinieal facts wkif:h esiaUith that localized 
\faradizaiic»i is of ^reai value in the treatment of atropJw 
f paralysis. 



Wishing to bring abnnt the prevalence of the therapeutic 
employment of continuous constant currents, Remak has charged 

\.1 
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the induced current with exerting u paralysing infli 
nerves." 

In presence of the knowledge of electro therapeutics gained by 
long flinicAl Pxperience, and tested by many obsen'era in Europe 
and even in America, to venture to say that induced cnrrents 
exert a paralysing influence upon the nerves seems to me to be 
80 far to disregard the truth that I have not thought it necessary 
to combat ifemak's strange assertion. Clinical observation will 
render it prompt justice. 

But I am unable any longer to keep silence upon the point, 
since recently some young philosophers, supported by experiments 
upon rata and rabbits, have again maintained, like Eemak, that 
induced currents paralyse the nerves, and cause the disappearance, 
at the end of a very short time, of aJl their vital endowmenta.' 

Clinical observation, I repeat, protests against such an assertion. 
The following are the woi'ds in which I have briefly summarized 
the facts which these obsiTvers iancy they c^n overturn:* — 

"In 1862 I reported" some cases of atrophic paralysis, con- 
secutive to traumatic lesions of mixed nerves, which were of many 
years' standing, and in which the paralysed limbs were so wasted 
that the muscles, which no longer responded to electrio excitation, 
appeared to be entin-ly destroyed. Tlie temperature of these 
limbs was diminished, the cutaneous veins were very small, the 
skin discoloured, earthy, and often of a violet hue. Well, under 
the influence of direct muscular faradization, applied according to 
certain rules which I have laid down elsewhere, I have seen, in all 
these cases, — 1. the temperature of the limbs quickly increase; 2. 
the cutaneous veins enlarge, and the skin return to its normal 
colour ; 3. the muscles gradually increase in size, and regain their 
tonic force, their sensibility, their voluntary contractility, and, 
much later, their electrio contractility also." 

Since 1852, a host of European observers have experimentally 
tested and confirmed the reality of these electro-therapentic results, 
and have borne testimony to them in numerous publications. I 
will select, as one of the most important ainoug them, that of M. 
E, Philippeaux, of Lyons, In America, direct muscular faradiza- 
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tionha^ been applied very recently, iii the hospitals of Pliiladelphia, 
to the treatment of traumatic paralysis, by BiTrpeons specially 
selected by Mr. Hammoud, the chief surgeon of the army of the 
North, and in the cases of men wounded in the civil war. The 
following are the terms in which the therapeutic results of this 
method of localized electrization have been described by these 
distinguished men. 'The only important means,' they say, 'in 
the treatment of paralysis aiiaing from default of innervation, is 
faradization by the method of M. Ducheuiie. . . . Most 
of our cases were from wounds that were of old standing when 
they came under our care. We can assure you that locab'zed 
faradization has, in our hands, been of the utmost value. In some 
cases it has, at a single appliration, restored the power of move- 
ment to parts that had been long deprived of it ; in others, a few 
appb'cations have more or leas completely restored the power of 
movement to an entire limb ; and we have seen very few instances 
in wliieh there has not been improved nutrition, and greater sen- 
sibility and strength, when we wore able to continue the faradiza- 
tion suificiently long. In a word, we cannot too strongly repeat 
that, until faradization has been used, no limb, however completely 
paralysed, should be abandoned by the surgeon as incurahle.' "' 

I might also adduce other kinds of paralysis, in which the le.4ion 
of Qntritiou is equally profound, and in which localized faradization 
is often successfid. Moreover, clinical facts will be hereafter 
detailed, which prove iuoontestably the favourable — I would almoet 
say the marvellous — inflnence of localized fara<lization upon the 
nntrition and the motility of muscles. These facts will be found 
in the chapters specially devot«d to the application of this method 
of electrization to traumatic paralysis of nerves, to paralysis ooq- 
secative to myelitis in odulta and adolescents, to saturnine and 
rheumatic paralj-sis. We shall even see that, when applied to the 
fatty atrophic — spinal— paralysis of infancy, localizeil faradization 
acta not only upon the nutrition of the muscles, but also upon that 
of the entire limb, so that it prevents arrest of development of the 
bone. 

§ II, Critical examination of the dedr<hfhyaiolo0ieal experitnetUs 
which have served as Ow foundation of flit aHaeH recenilij directed 
againat the therajieuiic value of localized /aradizaiion. Their 
iuexaetiiude. 

Although, rluring more than twenty years, I have obtained from 
ized faradization such results as I have des<.'ribcd, and after I 
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ha,J9 seen these results confirmed, both in Earope and ia J 

bjr a bost of tlif most competent 6h^r\ers, ah emdet 

to pemtade me, od my objecting to dedactknia dn<ni from a few 

experiments npon rabbits, that I am mveelf under flloaon ! 

As mttch BS any one, I admire experimental medicine; and, 
without believing that tbe whole future of therapeutics rests apoo 
it exclusively, I hare always held that it will exert a guiding and 
enlightening iufluence. But when, in defiance of all logic, it would 
lead US to cast doubt upon facts perfectly established by clinical 
obserration, it is necessary that we should renounce it 

A. — Fortunately, in the case with which we are now concerned, 
we have nut to tind &nlt with experimentation itself, but with 
those who have experimented badly, or who hare badly interpreted 
tbe results of their experiments. I proceed to prove this, at least 
for those which are now under discaseion. 

Id the rabbits, the sympathetic nerve was laid bare in the neck, 
slightly lifted by means of a thread placed under it, and then 
tiecirified, /or tteo or three minutet, hy powerful induced currenU. 
The artery of the corretipouding ear became contracted until it waa 
no longer perceptible. On ceasing the electrization, the artery 
regained its size little by little ; and finally beeame lart/er than U 
teas he/ore the operation. After an instant, the temperature of that 
side was elevated above that of the other.* 

There can be no question that, in these experiments, the dilata- 
tion of the vessels of the ear, consecutively to faradization of the 
cervical sympathetic of the same side, was produced by paralysis 
of their vaso-motora. Is there not some cause for surprise that the 
sympatlietic, already exposed to the air, and perhaps more or less 
injured in the dissection, was not, so to speak, killed by the power- 
ful induced current by which it was directly traversed for several 
minutes ; and that the vest-els had still power slowly to j 
their normal calibre ? 

To proceed thus with experiments the object of which is to study 
the action of induced currents npon tbe nervous system, is but to 
contribute to toxicology. We know that there are certain poisons 
which, in small doses, increase the action of tbe heart, but which 
would arrest that action if given in liirge doses. To expect a 
therapeutic action from such a manner of applying induced cur- 
rents is like maintaining that paralysis might be as readily cured 
by a thunderbolt as by electricity wisely and methodically applied. 

There is certainly no need of experimental medicine to inform 
us that, in its therapeutic aspect, localized faradization is a two* 

> OniuKU vl hegTDt, loo. ell. 
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edged wea|x>ti. Empirical clinical observations very soou convincrd 
me, at the beginning of my electro-therapeutical resean-hea. that 
localized faradization, if applied to a muscle or nerve in too fnll a 
dose or for too long a time, may increiiEe or even produce parulyBis 
or atrophy, instead of ciiriiig either. It waa such clinical observa- 
tion that led me to lay down the precept tiiut muscular fara- 
dization should be moderate in degree, and that neither the whole 
application, nor the application to any single muscle, should be 
unduly prolonged. 

With a powerful induced current, contracting the vessels during 
its passage through the sympathetic, and producing, after ita 
cessation, a temporary diminution of their contractility (and hence 
their dilatation), the ^tue authors have compared tlie relatively 
infinitely feeble action of continuous currents upon the aame 
sympathetic, "under the influence of which," they say, "the 
activity of the circulation was promoted during their passage, and 
for a long time after their cessation." ^ 

It appeared to follow, on the whole, from their experiments ; — 1 , 
that induced currents, during their pass^e through the sympathetic, 
arrested or impeded tlie circulation by closing the vessels by a 
powerful excitation of the vaso-motor nerves ; 2, that they pro- 
duced, after their passage, a passive dilatation of these ve^els, 
and a consequent blood stasis within them, by the paralysis or ex- 
haustion of their vaso-raotors ; and, 3. that continuous currents, 
on the contrary, increased the activity of the local circulation, 
both during and after their passage through the sympathetic. 

Partisan and defender, as has been seen already, of the existence 
of dlQerent physiological properties in the different kinds of elec- 
tricity, although the reason of such difference has not at present 
received complete explanation from actual physical data, I was 
disposed to hail the discovery of a special difference of action 
between the continuous and the induced currents as a triumph of 
experimental medicine, applicable to therapeutics. But 1 must 
add that there remained in my mind some doubt with regard to 
the reality of the assigned difference ; because, in the comparative 
experiments, the two tonus of current had not been applied in 
equivalent force. 

It was, therefore, imj)ortant to verify the results said to have 
been obtained, and the following is a summary of experiments 
made upon rabbits by myself, in conjunction with my learned 
friend M. Li^geois, Professor of Physiology to the Paris Faculty of 
Medicine. Our results are far from agreeing with those of MM. 
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Onimus and Legros ; aud show that, in eqnivaleiit doses and under ] 
similar conditions, the continiious constant and the induced cur- ' 
rents, when passed tbrougli the great sympathetic, exert an iden- 
tical action upon the vaso-motors. 

HxperimenU. — A continuoiiB constant current (from a pile of from fifteen 
to ttuit; sulpha.t« of lead clementa) passing through the Bj^npathetic ia a 

Sortion three or four millimetres below the superior ccrvicftl gnnglion, pro- 
uced a slight but manifest contraction of the Tcssels, and a decoloration of ' 
the ear on the same side, during the whole time of the experiment. 

When the sympathetic nerve had previouBly been strongly excited, or, in 
other words, when its excitabihty had already been more or less exhausted, 
as by the passage of a powerfnl induced current, or by section, the sama 
continuons current of thirty elements, or even of fifteen, produ(»d, instead 
of contraction of the TesBols, their dilatation during the whole time of the 
experiment. 

An extremely weak induoed current (the minimum of the extra current 
of my volta electrio apparatus, passed through a column of distilled water 
twenty-two centimetres in height), and localized in the eympathetio in the 
same manner for three minutes, prodacod a slight contraction of the veesels 
of the ear during the first half minute, followed by dilatation during Uie 
rest of the experiment. 

The same proceeding, repeated upon the sympathetic of a rabbit that had 
been subjected to a strong induced current for three minutes, an hour pre- 
viously, but in which the ear had regained its normal vascularity, immediately 
produced dilatation of the vessels which rendered their finest ramifications 
visible for three minutes. 

A strong induced current passing in the same manner through the eym- 
pathetio of a rabbit, whether it had been the subject of previous experiment 
or not, produced, during the wliole time of its passage (three minuteej, a 
considerable Bhr inTrin g of the vessels; followed, when the current was with- 
drawn, by an enormous and long persistent dilatation. 

Interrupted galvanic currenls passed through the great Bympathetic acted 
upon the ganglionic vaso-motors in the same manner as induced currents. 

It follows from theae experimenta : — 

That a continuous constant current, directed upon tlie exposed 
great cervical sympathetic of a rabbit, the excitability of which 
has not been exhausted (neither by electrization in prior experi- 
ments, nor by manipulations, nor by long exposure to the air), 
produces, like an induced current of equivalent (i.e. very feeble) 
strength, a slight contraction of the vessels that are controlled by 
the nerve. 

That the same current, acting with equivalent force upou a 
nerve already exhausted, can no longer produce contraction of 
vessels, but only moderate dilatation. 

That a powerful induced current, localized in the sympathetic, 
produces a considerable contraction of the vessels, followed, after 
the experiment, by cnormons and protracted dilation ; and that a 
powerful intermittent galvanic current acts in the same manner. 

Finally, as a corollary to the foregoing, that, contrary to certain 
stfttements, the continuous constant curronta aud the induced 
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currents, in ct^uivaleDt dosefl, exert an identical action upou the 
sympathetic and tlie vasomotor nerrea. 



does localized faradization exert 
the activity of the local ciriM- 



§ III. Upon wluii dass of 
its influence in order to 
I lationf 

^^^B L Upon the Vascdla.r Cosbtbictor Nehtbs? 

^^^ A. — Ramijleationa of the sympathetic nerve aecompamjing the 
arterioles, excited by localized faradization. — liOcalized electrization 
(either faradization or galvanism, localized hy interrupted current^,) 
is the only means by which we can directly excite the ramifications 
of the great sympathetic, that are distributed to the muscles of 

I the limbs and of the surface of the trunk. 

It has now been shown, by microscopic anatomy, that the rami- 
fications of this nerve accompany the arterioles almost to their 
ultimate divisions, and that they are found embracing capillaries 
of the second order. This anatomical fact was discovered, in 
1856, by M. Ordofiez,' and confirmed, in 1S05, by my friend M. 
Gimbert (of Cannes),' one of the most distingntshed pupils of 
Professor Cli. Robin, in an excellent memoir, from which 1 have 

I taken fig. 41. 

In this figure it wiU be seen that, on a level of the anastomoses 
of the arterial capUlaries, the nerves present ganglia, G, from which 
proceed new lilaments which spread over the capillaries, and 
terminate in pointed extremities. These are like the isolated 
I fibres of Remak, R. 

^^^ We can conceive, then, that in localized muscular electrization 
^^^K/vhich consists in moving moist rheophores, as nearly as possible 
^^^Kli{)prozimated to each other, over all points of the surface covering 
^^^Kl muscle, so as to produce electric recomposttion in the thickness 
^^^Mfi^ the muscle, at varying depths according to the intensity of the 
^^^Bborrent), we may carry the excitation directly to the vaso-motor 
^^ nerves which accompany the arteries to their divisions into capil- 
' laries of the second kind. 



' BL Ordofiez has mounted beautiful 
micnwiwpic prepaiationa, shelving tLo 
Tuo-mator nerves acuim ponying the 
Htehal Vfasela to their fiiuU ruuifleatLun. 
He bw iie*iljr followol tbent to tbtur ter- 
luituUiiHu oD the capilloriea of tb? eeroiid 
larietjr. In man, be baa eBtablisbed tbia 
important uutomical relation in the Hmall 
arteriee of the retina and of the brain: 
and ha infiiima me that he should have 
foimd this mraa arrangeucat of other 
orgwu, if it bad bmn pineiblo to isolate 
tbem with Ibo nme builit;. The dio- 



covery of M. Ordolioi waa announced in 
18G5, by M. O. Poiwhet (ifapjwrb rf» 

Ciul igmpaJiiipie avee le (jafrnM eapil' 
t: lojoa Gute nit MuMiua d'bistuiro 
naturellu— itsnut da ooura leirnCt^iaa, 
tic. p. 709). To bo jnat, I abould add 
that H. Schwtigger, of Berlin, bad dis- 
covered the aanic auatuoiicai fact at the 
game time, in thu arterioles of the choroid 
and of the retina in mmi. 

' Gimbert, Stractun el tmtnn rfei or- 
Una: Thbsode Faria, 1B65. 
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B. — Tonieiiy of the vasetUar constrictors aiigmented hy localized 
dedrizaiion. — Experimeuls show tlmt tbe great sympathelic is 
highly excitable, at least in the cervical region, and that its 
excitability is quickly exhausted. Thus it has been mentioned 
previously that, under the influence of even a feeble induced or 
continuous current, a contractiou of vessels is proilui-ed, presently 
followed by a dilatation of some persistence. This dilatation of 
vessels is with good reason held to depend ujion a paralysed state 
of the vaso-motor nerves, producing an afflux of blood to the 
parts controlled by them, and an elevation of temperature, which 
has hence been called neuro-paraiylic hypereemia. 

But the kind of weakeuiug of vascular tonicity, which is the first 
effect of localized faradization, is only momentary, and is soon 
followed by a reaetioa. Indeed, both clinical observation, and the 
therapeutical results that have been obtained, t«nd to prove that. 



* C,C,Capillaryvea8elii. N, vasn-mntor I caosm of the arteri&l OLpiUaricti, R, Iwv 
G, O, G, gwiglions fnrming; ner- latei fibre of Kctnak, tcnninnting in ft 
!.__ ^j jjip y^Ypi of the uTiasto- | point. 
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I as regards the ultimate reault, the tonic force of the vessels ia 

increased, 

I Such, at least, is the object that I propose to myself, and tliat an 

endeavour should be made to attain, when, in the treatment of 
atrophic paralysis, electric excitation is directed upon the gang- 
lionic vaso-motors. It is indeed shown, both by clinical observa- 

I tion and by experiment, that neuro-paralytic hyperemia is a 

morbid state that is seen in atrophic paralysis, consecutive to 
lesions of the cerebro-spinal centres or of the nerve-trunks. It 
is rational to conclude that any ^ency which increased the neuro- 
paralytic hyperffimia would aggravate the pathological state. But 
this is precisely the opposite of what I have witnessed, when, 

I by the aid of faradization, I have cured the cases of atrophic 

paralyi^is that have been brought to me in such a condition. Under 
the influence of the treatment, I liave seen the colour of the akin 
and the nutrition of the paralysed limb return in a short time to 
their normal state ; while, at the same time, the paralysis under- 

, went improvement : and I have considered, under these circum- 

stuuces, that the vascular tonicity had been increased by the 

I localized faradization. On the whole, the clinical facts teach that, 

as far as regards therapeutics, we sliould take into consideration 
the secondary and ultimate, rather than the immediate effects of 

' electrization. 

C, — Local circulation promoted by locaiized faradization, — Such 
has not been the reasoning of those who, on the contrary, attribute 
the therapeutic action of electrization on the nutrition lo the slight 
degree of neuro-paralytic hyperemia that is produced by the in- 
fluence of a feeble current To reduce their opinion into terms, we 
must say that, neuro-paralytic hyperffimia being one of the morbid 
phenomena of atrophic paralysis due to lesions of the nervous 
centres or nerve-trunks, we should have to increase the neuro- 
paralytic hyperemia in order to cure the paralysis. To diminish 
what would otherwise appear paradoxical in their opinion, those who 
advance it have altered the physiological signification of the fact ou 
which it rests, by saying that the increased activity of the circulation 
is produced by the influence of the current upon the sympathetic. 

In order to accept thb theory, it would be necessary to forget 
the experimenta which show that this kind of neuro-paralytic 
hypersemia is passive ; and that, in itself, it is powerless to a^ect 
the nutrition. I would recall the experiment of Snellen,' many 
times since repeated, which proves this in an incontestable manner. 
I have seen the fact confirmed by clinical observation ; and 1 shall 

r und HcilhuuiU, 1857, 
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hereafter relate a case in which neuro-pai-alytic hypenGmia of the 
poajunctiva and vesaela of one eye, consecutive to a lesion of the 
cervical sympathetic, had continued, at a very high degree, for a 
period of two years, without in any way modifying the anatomical 
state of the hyperremic parts ; and without prodni;ing the slightest 
exudation : while a conjunctivitis of the other eye, due to exposure 
to a current of air, had rapidly displayed all the syniptotDS of acute 
inflammation, with a slight formation of pug. 

It is, however, impossible to overlook, in a rase of the cure of 
atrophic paralysis due to traumatic or spontaneous lesion of nerve 
or eord, such as I have already related, the influence of the fam- 
dization upon the activity of the local circulation, upon the nutri- 
tion of the muBcles, and upon the general nutrition of the limb to 
which it is applied. 

But how is this therapeutic action to be explained? I am 
unable to attribute it to a kmd of gymnastic effect produced upon 
the muscles by faradization, because the ninscles had lost their 
electric irritability. Neither do I believe that excitation only of 
the nervous fibres, which govern motricity and sensibility, would 
have power to produce the results. From all the evidence, I 
tliink that the direct muscular faradization promotes the capillary 
(local) circulation and the nutrition. I had not neglected to point 
out the last electro-therapeutic Jact, and to bring it into promin- 
ence in the earlier editions of this treatise; but I was then 
limited to setting forth the results of clinical observation in 
empirical fashion, since science was not sufBciently advanced to 
justify the framing of any tlieoiy whatever. 

What has been the mechanism ? In other words, by what class 
of nerves have the nutrition and the capillary circulation been 



It is with fear that I approach this question. In all my earlier 
researches into the physiology of movement, the problems to be 
solved have always been in harmony with anatomy, with electro- 
muscular experiments, and with clinical observation. On the 
contrary, in tlie new path on which I am now to enter, I cannot 
make a step without proceeding from hypothesis to hypothesis, 
relying only upon the great discoveries of experiment. 

IL On the Nerves which promote Local Cieculation ? 

A, — Historical relrospeet. — The section of the great sympathetic, 
made by Pourfour-du-Petit in 1727,° is the fundamental fact 

■ P(iurfou7-du-Pelit, " Sfemoirs dnni [ itnl det wprib dane let yeux " ( Jfem. da 
Uqud a i-it dtmmitnf que let nerfi inler- VAnad. da Bcienoet, Faru, 1727). 

etMtaiu /tiumifnenl rfw Tataeaux qui por- | 
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which has served as a point of departure for numcroua researclies. 
Besides contraction of the pupil, Pourfour-du-Petit had also 
observed that the vessels of the conjunctiva lost their elasticity, 
and became distended by blood consecutively to the section. In 
1840, 31. Stilling,* who had also recognised the action of the 
ganglionic system npon the contractility of vessels, called the 
special nerves conveying it the vcao-motors. IL CL Bernard 
announced in different publications, in LS51 and in 1855, the 
great physiological fact that section of the great syntpathetic is 
constantly followed by a considerable afflnx of blood to the parts of 
the head to which the nerve is distribuied.' M. Brown-S6qiiard 
discovered, in IS52, that galvanization of the great sympathetic 
produced contraction of the vessels and diminution of temjierature ; 
and, consequently, that the principal phenomenon described by M, 
CL Bernard, was due to paralysis of the blood-vessels.' Three or 
four months later, M. CL Bernan), not knowing of M. Brown- 
S^quard's publication, announced the same fact to the Biological 
Society.' 31. Ludwig was the first to suggest the idea of irritating 
the glandular nerves, and especially the sub-maxillary gland, the 
principal vessels of which he laid bare, with their nerve-branches, 
after having isolated Wharton's duct, in which a canula was in- 
serted, so as to exhibit the flow of saliva. The excitation of the 
nerve produced, in a short time, an extraordinary secretion of this 
liquid. (31. Ludwig enabled me to witness this beautiful experi- 
ment, when, in 1850, I attended the congress of naturalists at 
Vienna.) M. Maurice Schiff instituted, in 1851, a series of experi- 
ments upon the chorda tympani. in order to show that all the 
salivary nerves are not contained in the proper filaments of the 
trifucial (lingual), but that they perhaps proceed from its anasto- 
mosis with the facial (chorda tympani).* These researches have 
been repeated, with the same result^ by many authors. But it is 
to 3L CL Bernard that all the honour is due of having discovered 
the actual mechanism of certain local circulations, by showing that 
the vessels are placed under the control of constrictor and dilatator 
nerves which act upon them reciprocally. In 1856, he showed 
that by exciting tlie chorda tympani we could produce, in the 



* Slilliiig, PAyiM. palhdogiKhf, und tarev tur la lemp^ralure animale. Faiis, 

Med. finietMehe UtUertndltiugen iSxT 1S54. 
Spinal-iTrilation. Leipmg, IMO. • Sen'FhilalelphiaMolicBlExiuiuner,' 

' 8«e the Complet rciKbu de la Soai^U August, 1852, p. VfJ. 
dr biologie, DMembre, 1S51. UautU Med- ' See Conpta rtwliu de la Soa^U de 

i/Mlt de Pari; 1852, p. 74. Compit* nm- biotogie {GaieUn Mfdicale, 18.i3, p. 71). 
diu de FAaxd^mie (tai Seimta. acaoce du ■ See Scbi£ Uiixr niotorMtc Zunqm- 
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OTfsta to irliich it is distribut«<l (the eiil*-niaxiUary gland), 
activity of tbo cnpiUnry ctrL-ulutioD, and a dilatattoo of tbe email 
arteries, mich that tbe blood wonld circulate in the reins with all 
th'? eppearanfeH of arterial blood. He showed, also, titat other 
nerveM going (o the arteries of the face bad e<)iiaIlT the power to 
dilate those arteries,* 

B. — Ojnnion of M. CI. Bernard in favour of the active dUattUwn of 
vesaeli. — Although treating of the therapeutic influence of localized 
fara<lization njmn the activity of loc^tl circulation. I ignored the 
tnechaniam of this inllaence nntil our great phv^iologist, M. CI. 
Bernard, after having contribnted so lat^ely to make known the 
proper action of the great sympathetic, entering npon a new path 
of discovery, bail shown, especially by his experiments upon the 
chorda tympani, that, in opposition to the action of this nerve ag 
a constriclor of the vessels, other nerves, when excited, produced 
dilatation of the vesi^el^i, and that bonce they are dilatators of the 
arteries, and acceleratorB of the capillary circulation. 

Although it is tnie that, m the hands of M. CI. Bernard, experi- 
ment has as yet shown the two orders of vascular nerves fcon- 
strictors and dilatators) only on the arterioles of certain glands 
arid of the face, yet it must be remembered that his genius has led 
him to heliere that the active dilatation of vessels must be generaL 
The following are the terms in which he expresses his opinion : — 

" It is admitted, in general," he says, " that all the phenomena 
that follow section of the great sympathetic in the neck are the 
consequences of paralysis of the nerve and of the consecutive 
pawive dilatation of t!ie vesaela. This explanation appears to me to 
be insufficient, to say no more. I am assured, indeed, after that 
experiment, that the blood which enters tbe venous system is 
wanner than that which traverses the arteries. There is then, 
among these phenomena, something more than a simple passive 
dilatation of the vessels : we are in the presence of an action of a 
different kind, and until now unknown. The contraction of the 
pupil, after division of the cervi co-cephalic branch, is not a passive, 
but, on tho contrary, is an active phenomenon ; thei-e is produced, 
after the section of the sympathetic, a predominance of action of 
the ciliary branches of the third jiair. 

" Tlie variations observed in the size of the vessels appear to 
belong to the same class of phenomena, although here the contrac- 
tion is producptl when the sympathetic is excited, and the dilatation 
when it is divided, tbe opposite of what happens in the pupil. This 
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is not a simple hypotliesia ; the active dilatation of vessels is one of 
the most unquestionable verities which have been brought to oiir 
knowledge. I have proved hy direct experiment that there are 
two orders of vaso-motor nerves, acting in opposite directions ; and 
that their properties are, in the majority of cases, called into play 
by reflex influence."' 

M. CI. Bernard reiterated the same opinion, in 1864, in a more 
explicit manner. "The vascular system," he said, "is subject to 
the influence of two nervous systems, more or less distinct: the 
sympathetic system and the cerebro-spinal. Let us incjuire what 
is the function of each of them ; and what part may legitimately 
be assigned to each in the facts that we have to study. Tlie 
former — the great sympathetic — has the function of a moderator of 
the veraels. When irritated, it produces a more or less considera- 
ble contraction of them, a contraction which forms a certain degree 
of impediment to the circulation, and hence diminishes its speed. 
On the olher hand, by exciting the filaments of the cerebrospinal 
system, we produce a dilatation of the same vessels. Such is the 
whole mechanism of the nervous influence. With these two modes 
of action alone — contraction and dilatation of vessels — the nervous 
system governs all the ehymical phenomena of the organism."' 

But, admitting only what has been demonstrated by experiment, 
M. CL Bernard is careful to declare that the generalization of the 
phenomena of active dilatation of the capillary vessels is at present 
only a hypothesis. 

C — Neeesgili/ for (he existence of dHafahr vasevlar mttades, at 
moderators of (lie constrictor vaso-niotors.—l venture to advance a 
new argument, showing the necessity for a system of nerves to 
moderate the force of the constrictors. 

I am convinced that all muscnlar action should have its anta- 
gonist; and that this rule applies as much to imstriped as to 
striped fibre. Just, indeed, as wherever I have seen deficiency 
of antagonism in the muscles of animal life, the attitude and con- 
formation of the limb or part set in movement by the muaclcB 
has been altered, so the preservation of the normal calibre of the 
vesfiels necessarily depends upon a certain equilibrium between 
the tonic force of the constrictors and that of the dilatators. Such 
ap[>ear8 to me to he the light thrown upon the question by my 
clinical observations. 

If it be objected that this also is only a hypothesis, I reply that 
a hypothesis resting upon clinical observation is very near the 

' CI. Bemani, ' Hedicol Times and I nrnvsz lur lo pt^nominn Aimiqaa ije 
OaifUe,' vol. ii. lS6I,p. 51, rorjpniimw, 2ir le^n (Bmie df arun 

' CL Bernard. Inflaatee du rt/Oime | Mim^flfw^. 28 Jom. IHUM.) 
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truth. How often, for example, in matters falling within my ' 
personal reaearches, has clinical observation elucidated the phya" 
olt^y of movement, and antii^ipated the anatomical fact. I will, 
therefore, in this place say briefly on what clinical facts my hypo- 
thesis reposes, as far as regards the vaso-inotor dilatators. 

I have said that the two orders of vaso-motors (constrictors or 
ganglionic vaso-motors, and dilatators or cerebro-spinal vaao-motors) 
as reciprocal moderators, appear to me necessary, not only to tha 
functions of the organs on which they ramify, but also to the pre- 
servation of tlie normal calibre of the smaU vessels. Indeed, when 
one of the two sets is paralysed, the local circalatioo is profoundly 
altered. If the ganglionic vaso-motors are paralysed, the arterioles 
remain dilated, inert, and the venous blood becomes red ; while 
■ the reverse happens if the cerebro-spinal nerves are affected. 

Clinical observation seems to me to show that the force of the 
cardiac impulses {which moreover, as shown by M. Marey, are less 
felt in the vessels in proportion as their calibre diminishes) does 
not sufficiently moderate the power of the constrictor nerves of the < 
vessels. In a certain number of cases indeed, in which it seemed 
established that the anterior comua of the spinal cord had imdei^ 
gone rapid change, without lesion of the ganglionic system (as in 
infantile myelitis) I have observed, at a time more or leas distant 
from the commencement of the disease, tliat the parts receiving 
morbid innervation were affected as follows: — The vessels were 
contracted, the calibre of the cutaneous veins diminished, the skin 
was discoloured or cyanosed, the temperature lowered, and at the 
same time the muscles were wasted. Having, then, found that 
the beats of the heart retained their normal energy, and that the 
pulse was not weakened, I have concluded that the power of 
the cardiaC' impulses was insuflicient to neutralize the muscular 
force which tended incessantly to close the small vessels ; that it 
was not enough alone to preserve tlie normal calibre ; and, in a 
word, that the force which dilates the small vessels was paralysed. 

1 think then that, under these circumstances, the diminution 
of calibre of the small vessels is explained by the unrestrained or 
predominant action of their constrictor muscles, from which a 
local ischsemia results. Ordinarily, the lesions of the cord, and 
of the nerves which proceed from it, produce in the first place 
H n euro-paralytic ]iypera;mia, which, at a more advanced period, , 
is replaced by the opposite disorder of the local circulation, that is, -i 
by the morbid phenomena described above. (May we not attribute 
also to thetie same disorders of the circulalion the diminutioa 
or loss of electro-muFcular contractility which supervenes 
quickly in atrophic paralysis?) 
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D. — Therapeutic action of localized faradization upon the develop- 
ment of vessels. — U eucL is Uie mechauism of tlie disorder ol' Iwal 
circulation thut is observed consecutively to lesions, imfiammatory, 
organic, or traumatic, of the cord and of the mixed nerves, we are 
able to explain one of the favourable results obtained by direct 
muscular faradization. 

The first therapeutic effect of direct muscular faradization, in 
the treatment of these forms of paralysis, b, as I have said, slightly 
to redden the sidn, in the excited region, during the passage of 
the current We soon afterwards observe elevation of tempera- 
ture, increase of sensibility, and at last, more slowly, the erilarge- 
meni. almost visibly, of lite cutaneous teins. I have often seen these 
phenomena continue after the faradization, and sometimes increase, 
go as to resemble an irritation, and to require the suspension of 
treatment and the use of emollients, baths, poultices, and the 
like. 

It is certainly not the excitation of the ganglionic raso-motors 
that produces these immediate effects. It, on the contrary, pro- 
duces contraction of vessels, decoloration of the skin, and cooling 
of the excited region. Consequently, the hypenemia that is wit- 
nessed during faradization, under such circumstances, must be 
considered as an active hj'penemia, produced by excitation of the 
dilatator va?o-motors. 

Why do not the vaso-motor constrictors, that are influenced by 
the faradization at the same time as the dilatators, produce a con- 
sequent contraction of the vessels ? For the present, I must admit, 
I do not know the reason, I am therefore bound to mention the 
fact. 

E, — What is the mechanism of the active dilatation of vessels f 

(o). According to M. CI. Bernard, the vaso-motor dilatators exert 
a paralysing action upon the vaso-motor constrictors, by the inter- 
mediation of small peripheral ganglia, which are found in great 
numbers in the course of intra-glandular nerves ; their irritation 
is propagated to these small controlling centres, the activity of 
which consists in checking function, in producing momentary 
paralysis of the ultimate nervous filaments in relation with the 
vascular muscles. With regard, for instance, to the chorda tym- 
pani, the excitation of this nerve proceeds, after the hypothesis of 
M. CL Bernard, to rouse the activity of a sub-maxillary ganglion 
destined to moderate, or temporarily to paralyse, the vaso-motor 
constrictors that are distributed to the vessels of the sub-maxillary 
gland. 

The hypothesis of 31. CL Bernard is supported by ingenious ex- 
Imenta ; but, according to Schiflj this doctrine of a central 



I 



LOCALIZED ELECTRIZATION. 



he purpose ^M 
an arbitrarv ^ 



office for peripheral ganglia, so often inyoked for the 
of exptaining certain paralysing functiona, rests oaly npon arbitrary 
hypotbeses. The following is the moat serious objection which 
Schiff opposes to the suggestion of CI. Bernard. If it be sonnd, 
he saya, with regard to the sub-maxillary gland, it should apply 
also to the ear of the rabbit, where we have equally the possibility 
of a vaaciilar dilatation, produced by the direct irritation of nerves. 
But no one has discovered the Bmallest microscopic ganglion in 
the ear of the rabbit, any more than in that of the dt^, or of 
man." 

(b). M. Sohiff has endeavoured to simplify and to solve the 
question of mechanism now under disciwaion, by admitting the 
possibility of active vascular dilatation by longitudinal muscular 
fibres. But it may be objected anatomically, that such instra- 
menta of dilatation do not exi^.° 

At present, however, this plea seems to me to have loat its 
force, since M. Gimbert, whose admirable researches into the 
structure and texture of arteries I have already had 
quote, has discovered in some arteries the presence of numerous 
longitudinal and oblique muscular fibres, interlacing with the 
horizontal fibres. 

"Their direction" (the arterial muscular fibres), he says, "k 
most frequently horizontal, but it may be oblique, or even longi- 
tudinal." ' 

He has shown the direction of these fibres in several figures, 
of which I have reproduced one only, fig. 42, which showa 




' Bohiff, he eit,, torn. i.. p. 271. 

' M. Bahiffftppears to hove ahnndotiHi 
his hypotheaia iif the ciiatcnce cif longl- 
tudioal muBolcB, doubtless on account »f 
thU objeotioD. He bu written, indeed, 
in one of hia lecturee, " Although the iu- 
atrumeDt of active dilatation at proscnt 
elude* onr means ot investigation, nothing 
has shown tlie impossihility of the pro- 
oeas." All ttiat wc can say, provisional ]j, 
la that, whUo the '^ 






striotioti is directly Mplicablo by p 
tampia eaiBinination of the vaacular niuale^ 
the active dilatation appean bi he ex- 
traueans to the proper tissueii of the vev 
sels, aod to be cCfectcd by the inteimediai- 
tioD of extra-vascular tiBanea. 

1 Gimljert, (cw. ci7., p. 80. 

' I, I, Longitudinnl mugcular flbres; 
I, I, horizontal mascolai fibrea ; III, ( ' 
coot ; M, middle ooat ; I, inner cost. 
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longitudinal section of the wall of an Dmbilical arterj-. nt the 
base of the cord, magnified 700 diameters. We see at / /, says 
M. Gimbert, muscular fibres implanted in au amorphous matter, 
homogeneous and transparent, like grains of oats imbedded in a 
homogeneous and elastic mass, and liiso horizontal fibres cut 
trausTersely. 

M. Gimbert has found this anatomical arrangement in several 
an«nes, and he purposes to search for it in the capillaries. Stani- 
festly, if it were general, the question of the mechanism of the 
active dilatation of vessels would be singularly simplified, and 
would be almost as firmly established as that of the vaso-motor 
constrictors. 

The hypothesis of longitudinal muscular fibres destined to 
produce active dilatation is therefore verified, at least for certain 
Tessels. And wliat other purpose could they strve than to shorten 
the vessels, and, consequently, to dilate them? Is it not an 
established fact in physics that the capacity of an elastic tube 
diminishes or increases, accordingly as it is extended or shortened 
longitudinally? The arteries seem to favour these changes of 
capacity by their structure, by the fact of their lengthening or 
shortening. May it not, indeed, be tlie case that the elastic 
elements are, under the form of fibres, the fundamental portion of 
the middle coat, and that they are arranged in all directions? 

In conclusion, notwithstanding the obscurity and the difierencee 
of opinion which at present prevail with regard to the mechanism 
of active dilatation of local blood-vessels, the fact of the active 
dilatation of vessels, at least as regards some of them, is, even 
anatomically, perfectly established in my eyes. If it were not so, 
I should still say, with M. Schiflf, "It would be bold to deny 
an observed fact, even although we may not understand its 
mechanism." 

It is by admitting the generalization of this important physio- 
logical fact, brought to light chiefly by M. 01. Bernard (the active 
dilatation of vessels), tliat I have been able to render an explana- 
tion not only of the active hypcraemia produced immediately by 
localized faradization, in the treatment of paralysis consecutive to 
lesions of the spinal centre, or of the nerves proceeding from if, 
but also of one of the principal therapeutic results, appreciable 
between the applications; namely, the augmentation of the 
activity of the local circulation, and of the tonic force of the 
vessels, appreciable especially by the reappeamnce, from develop- 
ment, of the cutaneous veins, and from the coloration and 
the normal temperature of the skin, without complication with 
hypenemia. 
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in. — NeBVES ACnSQ DIBECTLT CPOS THE KCTRTTIOS OF 
THE TISSUES. 

The increaae of activity of the local circulation does not t 
to explain certain pathological states. This idea had taken i 
in some minds before it was confirmed, at least in part, hy patho- J 
logical anatomy. 

A- — Theory of il. Brown-Sequarti ; opinion of M. Virchow.—' 
H. Brown-<S^aard was the first to express clearly this important 
view, in the lectures which he pnhli^ed in ISoS, and republished 
ml860.' 

"The neoTons system," he sars, "determines an increase of the 
attraction exerted npon the blood by the living tissues, and, in 
this case, the phenomenon is attended by dilatation of the blood- 
Teseels. The nervous njstem ads dirted^ and originaUij upon t^ ■ 
parenehijma of the tissues." Elsewhere he wrilta again, "The | 
simple fact of an increase or a diminution in the quantity of hlot 
that passes through a part of the body in a given time, a 
suffices to explain the physiological changes, and some of t 
morbid modifications, which we habitually obseire in secretion a 
in notritian; but aome other paiholoffieal giaies seem to require for 
their production, somdhing more than a simple ehange in the ptantity 
ofUood. 

"An ij^ammation, for example, cannot he explained hj a modifi- 
cation of this kind, because, after section of the cerrical syin- 
palheUc^ we see a considerable increase of blood occur in the eye, 
the ear, &c., and continue during many weeks or mouths without 
producing inflammation. It h true that the morbid action (in- 
flammation) derelopes itself much more easily in these parts than 
in others ; but, I repeat, it does not manifest itself spontaneously, 
as a pnre and simple consequeuce of increase in the quantity of 
blood. It is therefore necessary to admit that, tchen a nervous 
injiuenee acts upon eeriain tissues so as to produce injlammcUion, 
the principal eause of the morbid process is not the inereaae in £W] 
quantity of Uood, but rather the tnodifealions trhieh the tisatutf 
undergo, and vhich produce an ttnusual attraction for arteritis 
blood* 

B. — Almost at the same time Yirchow also declared that modi^fl 
ficatioDS of nutrition did not depend, directly, upon the laiger or 1 
smaller quantity of blood that circulated through the part. Bat, 1 
resting upon the experiments of Ci. Bernard, who showed that J 
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seclioD of tbe great sympathetic produced no other result than an 
increase of the local circulation and culorification, without partici- 
pation of ceils or morbid action, and without inflammation, be 
argued against those (the neuriets), who held that nutrition was 
ander the control of iuneryation, and maintained that the pro- 
perties of the cells themselves were the essential causes of nutritive 
phenomena. 

"The increase in the nutrition of parts," he «Tote, "should 
mach rather be attributed to certain conditions of tissue (irritar 
tion) ; conditions which are able to modify the affinities of the 
tiasoes for tLe various principles of the blood, or to the presence 
in the blood of certain substances possessing a special attraction 
for certain parts of the body.' 

It is well known that a distingnished pathologist, M. SpieBs, has 
maintained, in opposition to Virchow, that nutrition is always 
under the control of innervation.* 

For myself, I have eo often seen alterations of peripheral 
untrition supervene consecutively to lesions of certain points of 
the nervous centres or of nerves, that it wonld be impossible for 
me to overlook the iulluence that innervation exerts upon nutri- 
tion. It was in reference to the difficulty of explaining these 
alterations of nutrition, consecutive to nervous lesion, that I found 
occasion to say. if there were no trophic nervea it would be necessary 
to invent them. 

C. — Trophic nerves of Samud. — Such were the ideas entertained 
in 1858 by Brown-Sijquard and Virchow, upon the influence of 
the nervous system in the production of the phenomena of nutri- 
tion and secretion, when, in 1860, Samuel endeavoured to give 
shape to notions analogous to those of Brown-S^quard, by suggest- 
ing an anatomical and physiological description of the nerves 
which have for their function directly to support (he nutritive 
activity of the tissues. 

This learned observer has shown, in a highly interesting volume,' 
thedirect, and indirect, action of the nervous system upon nutrition; 
he baa inquired what are the affections of this system, which 
occasion vanous disorders, and he has come to the conclusion, 
fiom esperimeuts upon animals, and from clinical observation on 
man, that there are certain spetial fibres which he has denominated 
trophic nerves. 

The following is a summary of the chief facts upon which 
he rests his doctrine. According to him, inflammation cannot be 

* Turbow. /» I'alhologie wfluJai'm. cte. I Fnuikfort-Bin-Mtun, 1657. 
tt Odition. Paris, 186S. ' ^amnul, Trophiirheit Nerten. Leip- 

Faaologitehe Phj/tielogie, \ sig, I 
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coaUia tfeiwl fbrea wUeb nsf be caDed hwfiie. 
ct ibtm pradaoa aeate inlhMMtion, nth nfid piolitsatiaB of 
eelk; thmptfilTW isfaUowedbfwutiBgalthe tHw& Hm? 
do Dot prodnee ehemieal ebaiige*, liat extHe only the Ba iriU i» 
■ctmt7 of tfce cell* sod tamm. In the oeotalgiw ittfrnM hy 
emptiem, the mflamaiatioB ettxto both the imiMliiii and the 
tfopUe aerret, wbeitoe the anmltaaeoas occmvaoe of paia and of 
notritive dutortwice. The troflue m t MvtM ari^imtde m Ote ■yiw if 
gamg iia , or *» others eor r e ^ o n ditff to Stewt, — the flmm timm, far 
aam^- Tber hare a centnfiiga] dimrtioo. The iMiadatkiD, 
the fmnciple, tlie raose of notntioD is in the ceDa ; tta Bieaaore is 
IB the trophic nerreaL 

D. — Th» dinieal and anaiotiuh-paihclcfieal fadx Aaervei Uf 
Bdrerupruttff and Chareol realm on/y m pari the theortHad idea» 
' of IS. Samuel, (a). Erponlion of the faeit. The hvpothesia of the 
vzisteoce of trophic nurvt^ U^n to be rea]i8e<l, in part at least, 
(■o far afl cnticems the prefience in the spinal ganglia of nervona 
fibrea, exerting an evident action npon the natn'tioQ of the skin), 
from the time wben Professor ISrenspmng discovered an alteration 
of the intervertebral ganglia, in a case of herpes zoster occnpying 
n region that was in relations of innervation with them.^ 

C,kt!% X. — Summary.— A zona, occurring without knowD csnfc, in a tuber- ' 
rniloUN \)cij one fear old, extended from the -eixth to the ninth rib. itnn 
Ihau two meirn* in vidth, it conunenced posteriorly, not far from the middle 
lino, from the mith to the tighth v«rtebra, and forming a demi-cinctiire, it 
tcirminntul tixadlj beluw the enmifonn cartila^. The bo; complete); re- 
covvroil from his zona, which followed a regular course, but died frcan 
phUiiaia ail wecitu after the zoua commenctxL The tiiinai ganglia eom- 
tpondinij lo Ihe tilth, KVenth, and eighth nervu, iwerf firmly adhmU to Oie 
jmrlrtm of the interavrUbnd cawd. The eeilulnr lUiue in their neighbourhaid 
fxhihiUd injlamm'itonj Ttdnrw, and the ganglia, as a whole, were increased in 
Totiuu& Tho micTOHcope Hhewcd that the nenrilemma also presented nn- 
uneatiunable traces of initamniation. There were, properly spcakiiig, no 
changes in dUicr the ncrvonB elements of the ganglia or in those of the 
narres. 



• Biwnfpnii>g, Caw XXXVI. J««o- 
tton of many rpaial gimjlia and (/ Ih- 
rorm^inidiiig iatere<nlat nrrwu. "Zona," 
Aim. GhariUr-KratMi. IkrUu, vul, xL, 
IMS. |i. 9C. 

Tlilii Iramod phyaioUn la the author 
or th« nuwt iin|iortBnt traitino which haa 
Wti iiubUnhnd of late tmm, upnn hurpva 
WHkT. At tho date of bia flnt ncnuiir, 
in wkLch hti hu bronght liigi-ther flftj- 
flvn QUIT anil ImiNirtant cosoh, ho alatra, 
ftir the flnt tiinn, anil 1>i-fnre tio had 



AHceitained the anatomical tact mentioned 
ulnve, hia tlieury uT Zuoa. "'In concla- 
gion," be eajB, "znoa U an affixation of 
the gau^lionio pnrtiims of the nerrooa 
nystom 1 it fallowB eapeeiall; &inn irrita- 
tion of the npinal ganglia, or uf the gas- 
■erian ganglion. Uowever, an irritation 
of the peripheral portions of noma 
which coulaiD flbrea prouccding ftoia 
ihete gangliu. may also be followed b; 
■ veeicular emiitiou." 
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Caeb XI. — The foregoiiig has been con&nned by another cose seen b; 
M. Charcot, in 18G5, in a woman scTentj-eight jears of age, who woe under 
hie eare at the Saltpetri^re. In this case the intervertebr&l ganglia and 
intercostal nerres, corresponding to the surface attacked bj the zona, pre- 
sented precisely the same appetirance as in that lost described.* 

(i). Critical examincUum.- — The following, I think, are the 
deductions that should be drawn from the anatomo-pathologioal 
facts of Barenspning and Charcot. 1. Inflammation of epinal 
gattglia ODatomically characterised by a well-marked vascular 
injection, and a proliferation of the perineurine, without lesion of 
nutrition, or with only a slight change of the nervous elements, 
produces, in the portions of skin which receive innervation from 
the parts affected, a special lesion of nutrition, of the nature of 
zoster. 2. The neuralgia which accompanies the zona is tlie 
result of excitation of the sensitive nerve-filaments which pass 
through the ganglion. 3. The spinal ganglia contain the trophic 
uerve-filamentsof thesldn. But the anatomo-pathologieal facts in 
no way confirm the general doctrine of Samuel and Biirensprung, 
who maintain that the trophic nerves originate in the spinal ganglia. 

M- Charcot, a more strict observer, and one who never goes 
beyond his facts, has been too careful to draw any general con- 
clusion from his own particular case. 

The clinical facts do not prove, indeed, that other parts of the 
nervous centres may not contain trophic ner\-e9 of the skin. 
Clinical observation shows, moreover, that, under certain circum- 
st&nces, lesions of the cord will alter the nutrition of the akin and 
of the subcutaneous cellular tissue. Of thia I could cite many 
examples from my practice. Thus, in infantile spinal paralysis, 
the anatomical lesion of which is a wasting or destruction of the 
cells and a fibroid metamorphosis of the anterior comua,' whenever 
a muscle has been attacked in its nutrition and texture (granular 
or fatty degeneration), I have observed that the subcutaneous 
cellular tissue covering it was liypertrophied, and sometimes that 
the nutrition of the skin was altered in various ways. These con- 
ditions will be more fully described in the chapter which treats of 
the spinal or fatty atrophic jwiralysis of infiincy. 

I shoold observe, also, that inflammation of the spinal ganglia 
produces no lesion of nutrition excepting in the skin. How, tlien, 
shall we explain the alterations of nutrition of the moscular and 
, even of the osseous system, which have been observed consecutively 

et Cotard. MUraliOH (nif»- Ytnd iD lS6ti by SI. Vnyret. interne ta 

au arvieal tt lU) gangliunt M. Voljiuui, hia i*xa cuQliniied hy k 

inii da Tiicinet mtmilei ina- recent autopsy iu a roee of infantile 

ZuMQ ifu ani {Memoirei de parolyaid, uomiuuniratetl to me bj H. 

' buJagie, 1S65, p. 47). Charcot, 
ntuuio-patbcilogml (act, dia- 
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larensprung ^M 
a the epmal ^1 



to certain lesions of the cord, if, aa Samnel and Barensprung ] 
beliere, the trophic nerves take their origin only from the spinal 
ganglia. I shall hereafter describe canes which show, in the 
epinal disease of infancy, the mnecniar nntrilion soffenog more 
profoandly than the osseous, and vice versa. 

It is well known that peripheral nervous lesions prodace varionB 
changes in the skin, which prove the presence of cutaneous 
trophic filaments in the peripheral nerves. This fact, first pointed 
out by the illnstrioos English surgeon, Mr. Paget,* lias been con- 
Urmed by other observers. 1 remember that I have myself often 
witnessed it; bnt I must confess that I did not perceive its im- 
portance, or, at least, that I did not investigate its mechanism. 

I should observe, also, that in progressire locomotor ataxy | 
(scleroBia of the posterior columns of the cord), and in secondary J 
Rclerosia of the lateral columns, consecutive to hjeniorrhage in ths I 
corpora striata, we sometimes have lesions of nutrition of the ekJn J 
(eschars), of the articulations, and of the tendinous sheaths (arthi 
jiatiiies). These important tacts have been discovered by ]1LI 
Charcot.' 

The foregoing facts and considerations seem to me to show thatS 
tlie origin of the nuatomie.il elements of the spinal ganglia is sub^l 
ject to a general luw of centralization ; which it is the tendency oTl 
physiological esperimeut, and of clinical observation, more and mors 1 
to establish. Thus, the great sympathetic was considered an a 
kind of nervous centre independent of the spinal centre ; but 
obeen-alions and experiments have shown that lesions of the cord 
and of the medulla produce, in local circulations, disorders analogous 
to those which follow direct lesions of the sympathetic. These | 
facts prove the existence of nenous fibres of the groat sympathetic, I 
in the points of the spinal centre from which the nerves producing J 
such disorders take their origin. In the same way it h^ been I 
shown that the spinal gauglla should not be considered as the I 
exclusive centres of the trophic nerves in general, nor even of 1 
the cutaneous trophic nerves, which seem only to hold to them a 1 
relation of particular dependence. 

K. — Anatomical eotiBideralions. — (a). According to Ijarensprun^ | 
anatomy shows that the spinal ganglia are nervous centres, tb^l 
unipolar celts of which do not communicate with the spinal cord^jT 
lie rests upon the opinion of Kolliker, who wrote: "As far aa £| 



■ Cbaront, A'ofn nir tu /imiialioa rapide 
uno mrhnrrf a lafntt du r6l^ parali/f^ 
[in tliifiniiilifgii: rrtvnJr tie aiiite e^r^- 



mthoh'ffiqtie, torn, t., 1S6S, pp. 308-313) 
Sm-qudqute arlkropalhiet qui paratu 
ili^iaidiv ifuiic rp-«uvi du Perveau on di 
nwWfc <iiin(".Ve (Idclu., III). lUMTS, 3 
100. PI, 6). 
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Ijave been able to observe, there is not in t]ie ganglia any relation of 
continuity helween ilie posterior roots and tlie ganglionic globvJes. It 
JbUoics that each ganglion should perhaps be considered aa a source of 
nefwfhrea. In man and tbe mammalia, I have shown tlie existeni^o 
of nnipolar cells ; and I believe I may even affirm that these cells 
are very noraerons." ' 

This opinion of KoUiker's is in opposition to that of anatomists 
in general, who believe that most of the cells possess two poles, of 
which one is continnous with the spinal cord, the other with a 
peripheral nerve-fibre. It cannot, moreover, be sustained, in 
the presence of my own icono-photographic researches. In the 
loDg^todinal sections of the spinal ganglia that I have photo- 
graphed, I have found cells apolar, unipolar, and bipolar, the 
number of one or of the other predominating according to 
the chances of the sectiun. Fifr, 43, which represents a longi- 
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Uidinal Bection of a spinal gaugliou in the cerrical regiiHi, and' 
which has been heliographed after a direct photograph of 21 
diameteis, is an example. We see, in this figure, that the ceils 
are collected in great numbers towards the walls of the gang- 
lion (an anatomical arrangemeot that I have found in all the 
sections of spinal ganglia, whether longitudinal or transverse, that 
I have made). It will be remarked that, towards the free mur^n 
a a of this longitudinal section, nearly all the cells are apolar (their 
circular form is distinct), while on the opposite side, bb, in the 
vicinity of t)io posterior root, the cells are bipolar and unipolar, 
us shown by their pear-shaped or oval outline. Well, sometimes 
the reverse is the case ; which proves that the appearances depend 
upon the chance of the section having been made tliroogh a 
greater or less number of such or such cells. It is difficult to say, 
even approximativcly, what is the proportion of bipolar or oni- 
polar cells, for sometimes the number of bipolar cells is the 
greatest, sometimes the contrary ; and it is, moreover, couceirable 
that cells which appear to bo apolar in a given section, may be 
bipolar in reahty. 

RoUiker says also : — " Even where a cell gives off two pro- 
longations, it does not follow that one of them mnst be centripetal, 
and the other centrifagal : on the contrary, both may be directed 
towards the periphery ; at least this is what is seen in examining 
very small ganglia. Staunius himself found, in bipolar cells, the 
two prolongations uniting the one with the other."' 

In not one of my longitudinal sections of spinal ganglia, have I 
met with this peripheral direction of the poles of bipolar cells. 
The poles always extend in opposite directions, one towards the 
cord, the other towards the surface, as shown in fig. 44, drawn 
from a photograph taken from nature to 2U0 diameters, at the 
jK)int c of fig. 43, which, as already described, represents a photo- 
graph, to 21 diameters, of a spinal ganglion. Fig. 44 shows an 
apolar cell, a, two small unipolar cells, b, V, and two large bipolar 
cells, e, c. 

All my transverse sections of epinat ganglia have shown a certain 
number of celb that were each in communication with another 
cell, more or less near to them, by means of a lateral prolonga- 
tion, the texture of which, at least, was in all respects like that of 
the central or peripheral prolongations; the lateral prolongation, 
arising from tlie middle portion of the ceil, appeared to be a sort 
of nucleated sheath, which was continuous with the nucleated 
reticular envelope of the cell. I think I am entitled to conclude, 

' Kulliker, loe. dt., p. 357. 
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from these anatomical facts, that the spinal ganglia, without duubt, 
loin tripolar t-ella, of which two fKiles an' continued respectively 




Id a central and a peripheral direction, like those of the cells c and 
c in fig. 13, and the third, in a lateral direction. 

If we suppose that, in endeavouring to isolate a tripolar cell, its 
central pole had been broken in preparation, we ehculd have the 
appearance of a cell the two poles of which had a peripheral 
direction, as in the bipolar cells described by KoUiker. 

In conclusion, it has been shown that the cells of the spinal 
ganglia communicate anatomically, in part at least, with the 
Bptnal cord; and that we should not consider these ganglia as 
the centres of the trophic nervous filaments. Are they, possibly, 
organs of re-inforcemcnt for the trophic nerven of the skin ? 

From these data many clinical facts receive their explanation, 
ThuB, inflammation of certain portions of the cord is not only 
followed by atrophy, with granular or granulo-fatty degeneration 
of muscles, and by atrophy of bone, but also by a slight lesion of 
nutrition of the skin, which becomes more or less wriukled, scaly, 
and earthy, and, lastly, by decrease of temperature, with hyper- 
plasia of the subcutaneous cellular tissue, in the locality of the 
wasted muscles. I have observed this assemblage of phenomena 
hundreds of times in the spinal paralj'sis of iniancy ; the anatomical 
cause of which, as shown by several autopsies, is situated in the 



* a, kpolar c^Il ; b, b', two em&Il unipolar 
ctUn : r, c'. two large bipolar crlld. llie 
evil c, cut ttuoDgh the middle, displays 



itn gmDiUur ninlents tuid nnclca 
ore htddim in the cell e' by it* : 
coTcriug. 
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anterior cortma (I shaU hereafter describe its anatomical characters). 
To the above dei^ribed disorders of nutrition will be added a more 
grave alteration in the skin, such as herpes or eschar, when the 
inflammation attacks not only the cord, but also the spinal ganglia, 
organs of re-inforcement of the trophic nerves of the skin, I have 
seen this happen a certain number of time«^ consecntively to frac- 
tures of the vertebral column, in which, at the place of injury, the 
cord and the ganglia had been entirely deatroyed, either by 
the injury itself, or by consecutive inflammation. I do not doubt, 
that the same lesions of nutrition will be found in cases of spon- 
taneous and simultaneons inflammation of the cord and the spinal 
ganglia, when it is no lon^r customary to neglect, as at present, 
to examine the condition of these organs. Lastly, when the inflam- 
mation is limited to the spinal ganglia, it will produce alterations of 
nutrition limited to the skin. This is what has been observed in 
tlie cases of zona published by Bareusprung and Charcot. 

(fc). It follows, from the facts aud the considerations above set 
forth, that the cerebro-spinal centre contains the nervous filaments 
which promote local circulation, and the nutrition of the tissues. 
Whiit, then, should be the distinctive characters of these filaments ? 
If this question be one day answered, it will be only by the cou- 
eurrence of clinical observation with pathological anatomy. At 
present I only attempt to call attention to it, in recorduig an 
anatomical fact that my icono-photo- 
graphic researches havu brought under 
my observation. 

In all the transverse sections that 
I have made, at difl'erent heights, 
through the cord, the medulla, and 
the anterior and posterior roots, I havd 
found a multitude of nervous tubes, 
about 0-°™-UU33 in diameter, scattered 
in groups among the motor or sensory 
tubes, of a diameter ranging frpra 
O-""^! to 0-U2 and 003. This ana- 
tomical fact lias been brought to light 
by the photographs of tlie transversa 
aLugwi sections of the several parts. The 
figures 45 and 46 have been drawn 
from two such sections.' They show a great number of these 

' I ntit emae of thcHC pbotogrnphB to | BcUtrred throogh all points of tlw 
the Academit drt Sfiimca, in IStH. Bud niHttilla, tlio cord, and the epuul root*, 
cnllnl attention to tho number nC scnaU luid mixwl with ncrvo tubes of O'H-OI, 
. tubes, of 0— 0«5li(, that wen. 0-02, ana 0-03. 
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small nerve- tubes placed between much larger tabes, and 
appearing iu tho transverse sections of: 1. the anterior cohimn 

_ « y iflo 

C0 




at the cervical enlargement, at d, fig. 45, to 200 diameters ; 2. the 
ontero-iateral column of the lower portion of the medulla, at e, 
fig. 46, to 400 ; 3. at the level of the calamus scriptorius, at 
/, to 400 ; 4, of a posterior spinal root, at g, to 400. 

All the groups of minute nerve-tubes in the columns of the 
spinal cord, and in the anterior and posterior roots, are far from 
being conclusive examples; and I have selected those depicted at 
d, e,f, and ff, in support of my thesis. 

I should also remark that the minute nerve-tubes present the 
same diameter as those of the tubes I'epresented at a, b, and e, in 
fig. 45, which have been drawn from different transverse sections 
of sympathetic ganglia, photographed, at a and 6 to 200, and at c 
to 4O0 diameters. 

Are they, in part, the origins of the great sympathetic, and do 
they contain, besides, the dilatator nerves of the vessels and the 
trophic nerves ? The investigations I have made induce me to 
admit the hypothesis ; but I repeat that I have no higher pr©- 
tenaioQ than to raise the question. 

Past the Fodbth. 

the therapeutic valde op qalvahizatios by rntekbopted 

cdbrents, asd bv continuous cubrents. direct ok dj- 

DIBECT. 

5 I. — Eislorieal {early experimenia,) 

The experiments that have been made ujion the important 

question that forms the subject of this paragraph are so numeroos, 
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that Uiey would famiflh subject matter for more than one roloine, 
if it were necessary for me to describe them in detail. Not 
wishing to exceed ^e limits that I have set myseili I am c 
pelled to give only a brief summary of the principal tacta that 
have been brought to light by these experiments, 

At the commencement of my own researches, galvanic excita- 
tion of nerve-tmiiks by continuous currents appeared to me to 
be the method of electrization most applicable to paralysis in 
general, I knew that Alexander von Humboldt, in 1795, had 
opened the way to galvanic treatment, by an ex(>eriment made 
upon himself that is too well known to be related here, as well 
by the general impulse Hliit:li he had given to such nesearcbea. 
My reading hod also informed me that, immediately after 
discovery of the pile by Volta, galvanic currents had been apjilied, 
in Germany, to the treatment of some forms of paralysis and rf 
nervous affection until ltt04 or 1805," and that these therapentic 
experiments had been repeated in 1823 by Alduii, and afterwards 
by Nobili and Matteuci. 

It seemed to me that the discoveries of Galvani,' Volta,' BitterJ 
Alexander von Humboldt,' Jean Aldioi,' Valli,* Lehot,' and, sinoe 
1827, those of Marianini,' Nobili," and Matteuci,' were alone soffi* 
cient to furnish the elements of a rational electric treatment. 
Their works taught that in auimala, it was possible to destroy 



• ThefaUowingaretlicprineiiialauthorB I 
who. from 1TJ7 to 1823, h»ie foliowtd the 
expehuieDta of Hiuuboldt, oitli r^ard to 
the tharai)eatic actjcm of KolTauii? cur- 
lents ; — Lodt^r, Jcmmal/ir ^unrgie, torn. 

; Gtappenneaaer, vanMt* dm Gol- 
limw ear Hc^uig tiiUger KratJAeUm 
annHMndeH. BdUn. ISOS. AngnstiD, F«r- 
Iu4 cjiwr voUUandigm Sf/iinitjixiiriile ; 
Struve, Sgiten dtr titedianifien Eleetri- 
eitaihtlitr mil JtHdaidU an/ dm Gal- 
va»i*nM». Brealan aad Leipzig, 1S02. 

' Cialvuii. SuT rirrilabilH^ halUrieKHt, 
M^moirea communiqD^ ■ I'luatitnt de 
Bolognu. 9 Avril, 1772 : Bur U* HWime- 
mmla nitMciiIiiirei(i«^niouiaea,'22 AtiU, 
1773 ; SuT taction de Fopium nir Itt aerfi 
de* grauMulla, 1774; Commenlure De 
viribia tUetricitatU, 1791. 

■ Tolta, CSoflenou dfile open. Firenze, 

16. 

* V. Bitter, Preuee* qu un gateaitimiit 
initpmdatii aa<m,pagnr Je proamtu Bitot 
dam Ic TegM dni'mo;. Weimar, 179S. 

' A. voa Humboldt, Veimdie Oter dU 
gmitU Miukti uiid Henea fater. Paeen 
and BerUo. 17UT, torn. i. 334. £/peW- 

mturU gatMHunu. ParU, 1793. 

' Aldini, Eitai th^orique et expai- 
mmlal tur U gatvanilBie. Faiia, 1804. 



' Vsllt, Lettret mi- [tkrtnoU a 
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Fiimaire, an. LX. 
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to diminish the excitabihty of a nerve, and at the same time to 
pardlyse the limb tmder its control, by maintaining: for a given 
time the passage throngh the nerve of a continuous cairent of a 
certain intensity; that, by an intermittent direct or inverse cur- 
rent,' directed upon the nerve thus modified in its excitability by 
the cootinnous current, one could act upon tlie contractility, or 
apon the sensibility ; and that it was possible to re-eetablish 
the excitability of the same nerves, by causing them to be tra- 
versed by currents in the contrary directions (alt«mative voltaic 
currents.) 

From the principal facts established by a series of experiments 
upon animals, Jlatteuci thought himself able to draw electro- 
therapeutic deductions. Of these, I will only cite the more 
important In speaking of the application of the various galvanic 
cnrrentf to the treatment of paralysis, this skilful pkyeicist says : — 
'• We must admit that, in some cases of paralysii^ the nerves of 
the limbs are altered in a manner analogous to the alteration 
which is produced by the continuous passage of an electric 
current. We hare seen that, in order to restore to a nerve 
the excitabilit}' which has been lost by the passage of a current, 
it is necessary to expose it to the action of a current travellinff in 
an oppoaUe direction. In the same way, to remove a [faralystM, 
we should cause the passage of a current in an opposite direction 
to that which would have produced it. We hence suppose that 
the paralysis that is to be subjected to electrical treatment is 
either of sensation or of motion only. Thus, for paralysis of 
motion, it is the inverse current that should be applied ; and for 
paralysis of sensation, the direct cnrreut. In a cose of complete 
paralysis, there would no longer be any reason for deciding upon 
the application of either one or the other.* 

§ II. — Physiolo^al adion of eontinwntt currents, direct or inverte, 
^_ a^ied to the nerves of man, upon senstbilily, or ntiaevlar con- 
^^^hactHiii/. 

^F I. — Mt first EXPEBIKBNTAL B£SEABCHE8. 

I proceed now to the experimental researches that I undertook, 
in the hope of being able to determine the value of the foregoing 
therapeutical deduction a 

' Xdirrel (emtiifiigaL or dceHnding) nnrer (o tbc Fitranilws. For ths iV 
cnrreDt u prodneed bf pudug Ute rbeo- irm (centripftBl, or umiding) rumnt. 
phoree over the otitme of ■ nerre, at a the tnntiiMi of the pnlcs is rercned. Socb 
distaucenrivonrthieeccntimetnaaput; b«a been the methul cmplojed In expoi- 
thi! positive pol« bdng nearar to the , meul«n. 
DcnooB ceatna, vtA the aegOiw pole I * tUUeoci, jbc, eU., p. 280. 
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Beftie uziTing at oondnaons, &om experimeats apoa aouuals, 
«itli r^ud to the tliec^ientie actim of oootiDooo^ rarrents when 
■ppMed to faantaa patimto, h seemed to me more rational lo 
iaqotre whetbet the deetro-phjaiologickl pbenomecu, observed in 
rmaeetioDi^ wooU be ptodooed in ft twAlthr nuui. Bat bow 
could ■ cuTTeQl be dimmed npon & neire, without tirst laving it 
hare ? Asoredlr no one wooM rentiire to attempt sach an opera- 
tion in the hamaD Bsbject, for tbe pnrpoae only of promoting 
scientific research. And etectro-puoclure^ in wludi the needle 
tiBTerses organs of difierent oatore, aod, as I hare already shown, 
proda€«3 complex phenomena, woold not Berre to displaj the 
action of eontinaous cairents npon nerre-tnm^ 

It is now perfectly demonstrated, after my researches, that, 
without pun<-turiug or incising the skin, we may limit the electric 
acdon at pleasure, either in tbe akin or in subcotaneous organs; 
and that by certain methods of proceeding, the electric excitation 
will reach a nerve, withoat acting npon the skin that it penetrated. 
Certain, ^m this, that I could limit the electrical action to the 
chief nerve-tronks, I bare studied, in a large namber of eab- 
jects, the influence of conlinuoos currents upon contractility and 
opon sensibility. I have principally selected for my experiments 
the median nerve, the crural, and the internal and external pop- 
liteaL Sometimes tbe rheophores have been plactxl on the coarse 
of a nerve at a point where it is subcutaneous, and two or three 
centimetres apart; and sometimes they have been separated as 
widely as possible, by placing, for example, one upon the brachial 
plexus, or upon the sacral plexus at the posterior wall of the 
rectum, and the other on the conrse of the nerve. The rheophonv. 
have been placed in such a manner as to be only in relation 
the surface of tbe nerves. 

It has been shown, by numeroos experiments upon animals, that 
tbe continuous current manifests its special influence npon con- 
tractility or upon sensibility, according to the direction in which 
it pusses longitudinally within the nerve, when the excitability has 
been previously diminished by the more or less prolonged acticm 
of a continnous current. 

To discover the influence of a continuoos current upon a healthy 
man, it was therefore necessarj- that the excitability of his nerves 
should be first modified by the coatiunoos current. For this 
pnipose, I employed, in the first instance, a trough battery {of 
Cnukshank and Wollaston) com^xieed of sixty couples, and I 
caused a continuous current to pass through the nerves for &om 
twenty to thirty minutes, by placing them in the circoit of 
battei7, and by using the method of procedure 
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This attempt liaviug produced no Result, I thought that a more 
powerful and more eoaslant current might diminish the excita- 
bility of the human nerves; and I then had recourse to a battery 
composed of thirty of Bnnsen's pairx, a little weakened by previous 
nae. Afterwards I employed a Daijiell's battery of from thirty to 
fifty elements. In all these experiments, I took eare to avoid the 
occnrrence of contractioD on completion of the cireuit, by proceed- 
ing in the way formerly described. (See note to page 12.) After 
twenty or thirty minutes of action of the continuous current from 
these batteries, in whatever direction, I was unable to discover 
that the sensibility of the nerves had diminished. The contrac- 
tions of the muscles supplied by the nerves were quite as ener- 
getic, under the iiifinence of an intermittent current, aft«r, as 
before the experiment; the sensibility was not modified, and the 
power of voluntary movement was not diminished. 

Although I was anable to diminish artificially the excitability of 
human nerve, I had at least occasion to observe certain instances 
of paralysis, in which the nerves and eren the muscles had in part 
lost their excitability. In these cases again, the inverse con- 
tinuous current acted no more upon the contractility, than did the 
direct eontinuons current upon the sensibility. Neither oi these 
currents abolished the excitability of nerves already afl'ected, and 
tLrongh which they were made to pass for a considerable time. 

To sum up, in a man in normal condition: 1. a continuous 
current passed through a nerve, during from twenty to thirty 
minutes, did not appear to me to diminish its excitability ; 2. when 
I directed a continuous current, centrifugal or centripetal, upon a 
nerve of normal excitability, or upon a nerve the excitability of 
which was diminished by certain forms of paralysis, I observed 
always the customary phenomeua, namely, contractions and sensa- 
tions ; neither the one nor the other of the two (direct and inverse) 
currents ever acted, in an appreciable manner, upon either the 
sensibility or the contractility separately,' 

These results caused me real disappointment : since I had ex- 
pected to obtain, in man, the phenomena described by Marianini, 
Mobili, Mfttteuci, and their predecessors; and concerning which 
the experiments made upon animals seemed to me to be entirely 
conclnsive. 

It will be said, without doubt, that if I had directed upon human 
nerves a more intense current, I should have been able to diminish 



' I TonnulBted almcut the eutue «>&- peritncnta, to diminidi the irrilabilitf of 
cltuiiiiui in HUtnoir prewuted in 1S4S tn iiprv<-i,l>y8ubjeotiugtlteii]totbe ioflueiiM 

the jt<iid^mi> rfrt Seieuret. Bui iit ihat of n junterful a-" ■' 

liniL' 1 had not tnJuivourad, in luy ex- | 
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or destroy tbeir excitability. But this objection might be made 
again, evea wbea I had unsoccessfidly esperimented witli u more 
powerful battery. And who woald attempt such experiments 
apoa man? Who would williDgly submit to very painful experi- 
menlt^, capable of producing vesications, and even eschars, upon 
the skin ? 

It will also be objected, that I did not experiment under tlte 
same conditions, and that I shouhl have caused the currents to jiaaa 
through nerves previously laid bure. But it is demonstrated, I 
repeat, that I act with as much certainty tlirough the skin, aa 
I could do upon nerves exposed and isolated. My method seema 
to me to be even preferable to that employed by Mattenci and 1 
biB predecessors ; because the mutilation of a nerve, and its ( 
tact with the atmosphere, must inevitably exert a certain infliiei; 
upon its vitality, or upon its excitability. 

II. — The experimental researcues of Kemak. 

The facts and the electro-physiological considerations, that | 
have stated above, wore ma<le the subjert of a work that I pulf 
lished in 1852. But, since then, Hemak has experimented ant 
upon the action of continuous constant currents upon the ncn 
of healthy and of diseased men ;* and he claims to have discoveiedn 
electro-physiological facts, which to me do not appear to Iwl 
demonstnited, and which, if they were real, would possess neithei 
the weight nor the importance that he assigns to them. 

We know that galvanic electricity possessea the property ) 
producing a muscular contraction at the completion, and at t" 
interruption of the circuit; the former being stronger than 1 
latter. It has been stated that, during the interval between t" 
two periods, the continuous current produces no contractions, 
have myself only observed the occurrence of fibrillar, oscillatory, 
and irregular contraction in the muscles of a limb that was 
traversed by a continuous current, powerful, and as constant as 
possible. I have also found that a galvanic current, directed upon 
the fifth nerve, produced an intense luminous sensation at the 
completion of the circuit, and a similar but less intense sensation 
at its interruption, and between these two jieriods. during the 
passage of the continuous current, a luminous sensation that was 
only appreciable in obscurity. (See Chap. I., p. 13.) When I have 
applied the moist rheopbores over the median nerve, one by tha J 
inuer bonier of the biceps, the other at the passage of the i 
over the bend of tlm arm, I have observed — besides the acute a 




s cutaneous pain at the seat of the rheopbores, so acuta 
as to be almost unbearable, aud besides tlie tiDgling and prickiag 
experienced in the whole course of the nerve, down to its final 
ramifications in the fingers — similar oscillatory contractions in the 
muscles that it gupplied. 

Remak has gone further. He professes to have observed, in 
experiments analogous to my own, and made ujion the median 
nerve of a healthy man, with a battery of thirty of Daniell's 
couples, the contractions continue, soraetimee in the muscles 
subject to the median, sometimes, and commonly, in the mutclea 
tubjeel to (he radial nerve, iJie antagoniit of the median. Galva- 
nization of the radial nerve, practised by placing the rheophores 
on two dbtant points of its cowtbb, prodvced, on the contrary, con- 
tinued contraHvm of the muscles subject to the median nerve, the 
antagonist of the radial. These continued contractions have been 
called gcdvanotonic by Remak — thus named, he says, to dis- 
tiDguish them from the tonic, or tetanic, contractions produced by 
induced currents, or by constant currents often interrupted. Tliis 
phenomenon, on which Remak has built a new physiological 
theory (but, as I shall hereafter show, an imaginary one), forms 
the fundamental basis of that which he calls his method of 
galvanization. 

I am sorry to have to declare that I have never been able to 
produce these singular phenomena in the galvanic experiments 
that I have made publicly upon human nerves in tlie course of my 
clinical teaching. What can be the reason ? Is it that the acute 
and increasing cutaneous paiu, at the place of contact of the 
rheophores, has produced involuntary movements of flexion and 
extension of the fingers, as if the subjects sought instinctively 
to escape from the suffering, and that these movements have 
perhaps concealed the galvano-tonic contractions, if they indeed 
occurred ? Or were they not produced, in my e-tiieriments, because 
I have always avoided the contraction due to completion of the 
circuit, as I have alreaily said, or because my rheophores were too 
near each other ? Remak, indeed, applies one rheophore on the 
baud, and thi> other at the bend of the elbow; while, 1, in general, 
have held them only two or three centimetres apart. 

Desiring to test these electro-physiological facts announced by 
Remak, and to appreciate the wortli of the explanation given by 
him, I have again many times galvanized the median ner^e in the 
manner described by him. I have, moreover, not produced the eo- 
called golvano-tonic contractions, even after having allowed the 
current to pass through the nerve for more than a minute. 
Although I included, according to his precept, the g^eatRst 
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[ ^id not WKttPJ !■ » udifju ^ 
> frvoHE^dj &BB wheal co ate d tin 
' iMOt uf heed to tbe i&w- 
tioa of the ewreota. 

It was also Aawm bf mj wor dm that tbe £nct eanmt is 
enttrd J powerleai n^iiiiil Moaenlar or estaoeooa aBHsthoM ; jvt 
w, in theDomtal atirte, 1 had Saaad tint Aai cvirent omened bo 
ftppreeisble ^tectal iaftneiice npoa tlie sensifaili^. 

The critical eoandefBtkn that I have giYien to the iaflaaioe of 
the direction of the current nponthe Derres of man, eJUwr in the 
pbjnologjcal. or in a pathdi^ical nndition, woe the more neaee- 
•arjr, sinoe the doctrinee of Matteuci and the i^jaialogisls in 
geaenl bad been r«v«choed, and had exerted a couideasUe 
iftfliWDce Bpoo the practice of eleetricsl treatment. Phjwiaiis, 
and ecpertalljr tbcee among them who were given to scientific 
research, bad too long attached great importance, in the galraniza- 
tioa of man, to the direction of the coarse of the con^nt in the 
nerreiL 

H. — Remah't method; Eiffdtheimt method. — The thempeatie 
einplojiuent of coDtinuoos caireats hod been generally abandoned 
when, ill 18-'(8, Ilemsk en'learonred to rehabilitate it br creating 
a m</tliod of galvanizatioD of which (he following are the funda- 
mcutal prtnciplen : — 1, To cause the passage through the nerrce 
or ttiroii(!;h the muscles of currents that were coramonlv Itjinle and 
Mtmotimeft atabUe* daring a period of time that did not osuslly 
(•xcocd fifteen minutes; 2. to prodace, acconUng to him, the 
reflex contractions that he denomioated galvano-lonic 

Afterwards came the method of Hiffelsheim,' by oontinuoiia 
currents dewrriU-d as permanent ; moaning by tliat, that he cauaed 
tbe pawiagfl of a staliile current through organs for a long time, 
(from one to sevoml hours). 

Until the fundamental principles of thf se methoilB of giilvaniza- 
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about u|io>i the skin, without intenniptioD 
of the iMrcuit. Id tlie mme w»;, the coa- 
:ia produced hy the former method 
ealled lAibQe, anil thoso prodnoed 
latter method are ntlltid labil 
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tion are better defined, and raore cleRrly formulated, it will be 
difficult to judge of their actual value. 

{a). After Kemak's method, the galvanic cnrrents are applied 
with a kiad of intermissions closely approximated, as I will proceed 
to show. In his experiments at La Charite, in ISfiO, every one saw 
that, when the current was male to pass through the rouscnlar 
nerves, by placing the negative pole over the point of entrance 
of the muscular branch, and the positive pole over a point nearer 
to the spinal cord, he dwelt but a very short time {fifteen to thirty 
seconds), over the muscle to be electrified, and soon drew one or 
botli of his rheophores over the surface, to fix them upon other 
points. lu this way he produced what have been called labile 
contractions. Bat, aa 1 have said above, these contractions are 
produced by a kind of intermissions, and only differ by their less 
intensity from those that are produced by actual intermissions.' 
Such also is the opinion of M. Ik>senthal.' Nay more, these labile 
contractions are produced by a veritable localized galvanization 
by intennittent currents, which is shown elsewhere by phenomena 
analysed by Remak himself: "When the excitability is sufficient," 
he says, " or when it is artificially increased by the current, the 
labile contractions are produced by changing the place of one or 
both rheophores, without breaking the circuit, or interrupting the 
contact of their moist coverings with the skin. The rnvscaiar 
fbrex that are ioueked bi/ tlte r)teophore cotUraet, ii'hde flwee that the 
rheophore leaves become relaxed. If the moving rhiophore follows, 
over the muscle, the course of a nerve, all the fibres supplied by 
this nerve arc called into action, when the sensibility is strong; 
those which are without the circuit in a much less degree, so that 
the local action on the muscular fibres might appear to be 
predominant," ' 

Who is there that will not recognise, in all these phenomena, 
those which are proi)er to localized galvanization? Hemak himself 
has said as much in the lines that I have quoted, without under- 
standing their significance. 

It appears, then, that each of the seances, which we all witnessed 
at La Charite, was composed of a great number of weak (labile) 
galvanic intermissions, and of a certain number of continiiouit 



* B«iiiak Beenu to me to bave admitted 
tiiw in the following patmge : — " It [a leiy 
important," he vritea, "lo relation to 
thmipfniticti. to be aeqaainted nitb the 
__,Mrile ooDtnctiona, which I waa the Bret 
*~~> atmrre in man. Theie contractions 
Vpvdnced in the mnsfular nerve or in 
' — 't, witlmut intpmiptinn of Ihp 




cnrrent. by «jtDple oscillatinna of iU 
denaitj; ucoording to thi- law laid down 
bj Dubois Reymond, that a mnsrle re- 
eponda by a contraction, not only to an 
interruption, but also to an fwrillation of 
the current. (Lor. cH., p. 120.) 

■ Hiffelshi'Ini. 'ne. c/r.. p. 12. 
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currents of short duration, applietl in the intervale between the 
labile contractions. This is what constitutes for Kemak, or is 
called by him, galvanization by a continuous current. And it is 
in this manner that his pupils, or his adepts, have applied this 
method. The results obtained by such proceedings may m well 
be ascribed to the interrupted and localized galvanic currents as to 
the contittuoua currents. With regard to the so-called galvano- 
tonic contractions, I shall shortly show that they have never 
existed except in Remak's imagination, 

(t). Other experimentalists had caused continuous currents to 
[)aas through organs, or through paralysed limbs, in a permaDent 
manner. I had commenced some electro-therapeutic experiments 
by this method of galvanization, with my friend Aran, but unfor- 
tunately his premature death interrupted them. 

The proceeding habitually employed for this purpose by Hiffels- 
heim" is stifflcieutly original to be here described. Two moist 
sponges are kept fixed upon two points of the skin, such as, to 
represent the extremities of an axis traversing the organs that it is 
desired to influence. A small stem of platinum, at least the iiftb 
of a millimetre in diameter, is contained within each of the 
sponges, and these sterna are in communication with conducting 
wires leading to a battery of sulphate of lead, composed of a large 
linmber of elements of small surface, and of weak electrolytic 
action. The wires are coiled iu spirals, and are long enough to 
allow the patient to change his place, or to walk a distance of 
some metres, without deranging the passage of the permanent 
continuous current. 

The very prolonged application (for an hour or more), of a 
continuous galvanic current, exposes the skui in contact with the 
negative rheophore to changes more or less deep, of which I have 
seen several examples from the practice of Hiffelsheim himself,* 
It is therefore necessary to guard a^^inst the inconveniences 



• HiffeUh-^ini, toe. eU.. p. 12. 

' CiBE XV.-M. X., to whom I vaa 
colled in coDBuItation with U. Baillsreer, 
uu account of hsIluoiiiationB that had 
tormented bini fur Bcvirul jtwra, and to 
whom I bod lefuced to apply continuotiB 
currantB Tor the purpose of removing 
thetD, was plaoL-d under HiffcilahoiiD, who 
ptORiised him a (rare. HifltUliL-im kept 
the little sponges applied to each temple, 
with a band that ecHtded the head. 
Theeeapongea communicated, aa described, 
withag;al\aiiicbatteiyofDUmerDuja(uxtf} 
Hulphat? of lead elements of small surface, 
nn till nous cnrreiit havinft 



been suffered to pass fur twenty mioutea 
or half an hour, oi uioie, uocarding tu the 
advice given, the application was renewed 
each day, by the patieut himaelf. for ten 
or fifteen days, eocb day on a freah por- 
tion of the forehead. Subaequently H. 
X. came to show me his forehead, adorned 
by two raws of indelible cicatrioM. In- 
stead of being cored, his hallacinatiDiu 
had increased in frequency, and tempted 
him to suicide. He compiaiDed bitterly 
of the treatment to wbiib lie had been 
Bubjected, "Hiffeloheim sapposed," said 
M. X. to me. "Ihst by this method the 
current would poee through the brain." 
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arising from the electrolytic uction of tbe permanent continnous 
current, and these inoonTeniencea may in jiurt be avoided. 

C, — The aelectioa among these different methods. — Under what 
circumstauGPS sliouid we Lave recourse to voltaic current* of more 
or less rapid intermission (labile currents), or to permanent (pro- 
longed) continuons currenta? And in what dose, and for how long 
a time, shonld the permanent continuous currents be applied? 
Apurt from surgical, electrolytic, or galvano-caustic applications, 
there is no rule on tbe subject that rL-sts upon close or sufficient 
clinical research. It is certainly not thus with localized faradiza- 
tion, for which the various and clearly formulated methods have 
their precise indications, drawn from prolonged experiment or 
clinical observation. 

For myself, who commenced my electro-tberapeutie researches 
by the application of voltaic currents, and have never ceased to 
use them (a fact which certain persons do not know, or, rather, 
have forgotten), — for myself, I say, who have always continued 
to study the relative therapeutic worth of voltaic and induced 
currents, I have not confounded, in my researches, more or less 
intermittent voltaic currents, with voltaic currents circulating 
through the organs in a permanent manner. 1 even went so far 
when I applied the |)ermanent (stabile) constant current, as to 
avoid the excitation produced by the completion of the circuity by 
making the current pass through a column of water in a moderator 
tube, and by gradually diminishing the thickness of the column 
after the circuit was established. Neither have I neglected to 
exptrimeut, in the way so much lauded by Gemak, comparatively 
with permanent constant currents. I will, shortly.give a summary 
of the opinion I think may be formed of their therapeutic value, 
from the researches that I have made since 1861 ; very insufScient 
onee, I know, but of this I have made no concealment. 

11. Apparatds and instruments required for this kind of 
jiESEABCii. Methods of oiLVANizATiofJ that I have 

FOLLOWED IN MY COMPAIIATIVE INVESTIGATIONS. 

Before stating what deductions I have drawn from my experi- 
ments, with regard to the therapeutic worth of galvanization as 
compared with faradization, it is necessary to state what instru- 
ments 1 have used in the application of galvanic currents. 

I have stated in the first chapter, that, in my latest researches, I 

i chiefly used a Daniell's battery, and a battery of bisulphat« of 

Uercory, and that, since 1861, I had used a battery of sulphate 

f lead, of from thirty to a hundred elements, the small surface 

Rbittery ot M. Alph. Mathieu, and, quite recently, the portable 
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cliloride oE silver battery of Gaiffe. Having already described 
these batteries, their action and comparative worth, it is BOt 
necessary t« return to them. It only retnaius to show the results 
of an inqiiiry that I Imve made quite receiitty, by the help of 
the voltameter, upon the comparative electrolytic action of the 
sulphate of lead battery, Siemens' battery (known as Remak's), 
and the portable battery of Gaiffe. I have found ihat the electro- 
lytic action of the first is about one-third less strong than that of 
the other t«o, (M. Gaiffe has endeavoured to give to his battery 
electrolytic action equal to that of Remuk'e). 

It is also necessary to describe here some instruments that have 
facilitated the use of the battery, and that are required for a 
comparative study of galvanization by continuous currents and 
faradization ; they will form the subject of the next paragraph. 

A. — Divmon of (lie hi^h-ienaion baitei-y into several sections 
the intervals of the applications. — Cou-pling of tliese sections. — Dis- 
tribution of the currents of tlie different sections, either isolated 
or reunited. — heversal of the poles. 
Galvanization Bonietimes requires the use of a battery of high 
tension, and of great electro-motor power ; that is, composed of 
numerous elements. But it is well known that in all galvanic 
batteries, during a slightly prolonged interruption of the circuit, 
and especially when the battery is not often in use, certain interior 
currents are produced, which increase in intensity in direct propor- 
tion to the number of i?lement.s and the reactions of which produce 
rapid exhaustion of the battery. I was soon taught this by 
experience, after having for some months used a Daniell's battery 
of fifty pairs, to which I sometimes added another battery of 
twenty pairs, that was chiefly used for my induction instruments 
and electric clocks. 

In order to exclude or to diminish this cause of rapid exhaustion 
of my battery, I had it divided into ten sepai-ate parts, in each of 
which the tension is too feeble to produce, during the interruption 
of the circuit, any reactions of imporfamce ; and I then constructed 
a small apparatus (manipulator), which being placed 
cation with each of the ten piles of ten elements, was able, 1. to 
unite them all into a single battery ; 2. to distribute them at 
pleasure in circuits composed of 10, 20, 30, 40, 50, tiO, and so on 
to 100 pairs, and consequently to graduate the electro-motor force 
of the battery ; 3. to replace them in their original state of isola- 
tion when the battery was not required in action. With the 
manipulator I could also reverse the poles, during the _ ' 
U'oii. without changing the place of the rheophores which 
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pleted the circuit. These properties of the instrument justify 
iDP in calling it the ilivider, collector, and distributor of the 
battery. Finally, it is placed in my room, near other batteries 
of very small surface, and near induction instnimente, in such a 
manner that they may all be applied successively and eompara- 
"ively, without loss of time. The following is the description : — 



1. A circular platform of wood, A A, teD centimetres in diameter. Bupports 
All the parts which form thp mectuuiism of the apparatus. At the circnnifer- 
enoe of this platform, pieces of (.■opper are screwed into notches cut to receive 
them. Thtse pieces of copper are perforated in their longitudiujil axes, and 
»ro rumished with the binding scrows 1, 1', 2, 2, 3, 3", 4, 4', 5, 5', 6, 6', 7, 7', 
8, S, bj which to fix the conducting wires that communicate witii the ne^tive 
poles N N, and with the positive poles P P, of the several sections, a, b, Ac, of 
the batterf r. In this state each section of the battery is isolated. 

3. The folIowinK is the mechanism bj which the isoktod sections (each one 
of which is an independent tiatlery of ten elements) can be coupled together, 
eo OS to form a single lottery of high tension, or of more or less great electro- 
r power. The support A A is groved on its iwsterior snr&ce, to reccivo 

* CunBtmcttd, after mjr d«ignB. l>y A. Matthiuu. 
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pared with that of the induced, even when the battery is composed 
of a large number of elements. 

By the aid of the voltameter, I have found that the electrolytic 
action of the battery (timinishes in projwrtion to the height of 
the column of liquid that it has to traverse ; and I have also observed 
that the sensation of burning is proportionately diminished, at the 
points of eiintact of the rheophores with the skin. 

The resistance opposed to the current by the liquid in the 
moderator diminishes also the electro-motor power, but much 
less tliiui the electrolytic action. 1 have hence applied this 
method of graduation of the pile to its electricity of quantity. 

Iitlermittencea, tn loeaHted muscular galvanization hy interrupled 
eurrenls. — Intermittencea of localized muscular galvanization hy 
interrupted currents may be obtained by raising, at longer or 
shorter intervals, one or both of the moist rheophores from the 
skin. This is the proceeding generally employed ; but I pre- 
ferred to use the rbeolomes which are ordinarily applied in 
moscalar faradization, and to which I shall return when dewribing 
my induction instruments. 

Wishing to study the comparative values of localized faradiza- 
tion and of localized galvanization by interrupled currents, I was 
bound to place myself, as far as possible, under identical condi- 
tions witli regard to both; that is to say, as far us tlje int«rmit- 
t«nces were concerned, to produce them in localized muscular 
galvanization without shifting the rheophores, and by means of 
similar instruments. 

(a). Ped'ii rheofome. — I habitually complete and break the cir- 
cuit of the battery current with a pedal rheotome, which leaves 
my hands at liberty to manage the rheophores. I have elsewhere 
advised those, who, hke myself, are in daily use of a battery — 
either to work induction coils or for the physiological or thera- 
peutical application of interrupted or continuous currents — to 
employ a pedal rheotome, in order to prevent the circuit from 
being left complete for a long time, aa for an entire night, by any 
forgetfnlnesa or accident. Such accidents, which were formerly 
of frequent occurrence with me, have not happened since I have 
been obliged to place my foot on the rheotome in order to com- 
plete the circuit. 

{b). Whed riteolomet. — I have also used rheotomes, which have 
allowed me to practise localized galvanization with intermissions 
nearly equal in speed to those of the trembler of an induction 
instrument. These rheotomes are furnished with several wheels, 
tritfa teeth nearer or more distant, against which a spring im- 
pinges in such a manner as to obtain from two or four intermis- 



sions up to ail extreme rapidity. At tlie time of my first 
reseuruliea, I had many rheotonies constructed wLioh fulfilleil these 
conditions, and which were moved either by the hand or by 
clockwork. These rheotomes are still in ase for CPi-tain electro- 
physiological or therapeutical applications. I use also hubilually 
the wheel rheotome, called the distributor of the entrance or 
of the issue of the current, which is roiiresented in fig. 40, and 
describerl on page 123. 

B. — IKsiinciion to be estaUtaked hdween iJiese different methods of 
galvanization. — Having collected together, in my room and under 
my hand, the various instruments which are required for all 
methods or kinds of electrization, nothing has been more easy 
than this kind of comparative research. It has been chiefly 
carried out upon the patients of my cliiiique, patients siififering 
from all kinds of paralysis, atrophic, traumatic, saturnine, rheu- 
matic, spinal, infantile; from various spasms and contractions, 
from chorea, and locomotor ataxy. 

It is nec&ssary to say, first, that a good number of these disor- 
ders will be improved or cured by electric excitations, of what- 
ever kinfl tliey may be; by galvanic currents more or less 
intermittent, or continuous and permanent, or even by static 
electricity, as much as by induced currents. This lact will serve 
to explain the admiration that every specialist has constantly 
professed for the kind or mode of electrization that he has exclu- 
sively used, without knowing, or without having employed, com- 
paratively, the others, 

I have, however, seen forms of paralysis, neuralgia, neurosis, 
&c., requiring a favourable prognosis on account of the ease with 
which they are habitually cured by induced currents, resist the 
Hction of intermittent or continuous voltaic currents. 

I will not confine myself to generalities ; but will say, in a few 
wonls, what are the various modes of galvanization that I have 
uBod in my electro-therapeutic researches, and what deductions I 
have been able to form concerning them. 

The distinctions that I have established between the different 
modes seem to me to afford the basis of a good method of gal- 
vanization. I divide muscular galvanization into — 1. localized 
galvanization, which is performed by moving moist rheophores 
coimected with the baltcry over all the points of the surface 
corresponding to the bulk of muscles, but at a distance from their 
nerves or from nerve trunks, and of which the varieties and the 
mode of physiological action have been already explained, both 
for interrupted and for continuous currents; and, 2. galvanization 
by reflex action. 



ACTION OF INTERRUPTED AND CONTINUOUS CL'RllENTS. 191 

We shall see the importance of this fundamental divbion, if we 
recall the electro-physiologioal principles which distinguish diret-t 
Iwalized niascular electrization from muscular elect rization by 
reflex action, and which have been already laid down. In the 
Ibrmer mode, indeed, all the anatomical elements of the organ 
acted upon are excited peripherally, as also its local innervation, 
or. in other words, its local circulation and its nutrition. In the 
latter, points of the nervous centres are chiefly and irregtilariy 
excited by the electrization of certain zones that stand in reflex 
relation to them. Every one will understand that these prin- 
ciples are perfectly applicable to localizetl muscular galvaniza- 
tion, and to muscular gulvanization by reflex action. 

IIL — ReSDLTS of my ISVEST1GATI0N3 ISTO THE THERAPEUTIC 
APPLICATIOS OF DIRECT LOCALIZED MUSCULAR GALVANIZATION 
BY INTERMITTENT CURRENTS, 

A. — Localized muscular galvanization is practised in exactly 
the same manner as localized muscular faradization. The same 
precepts that are set forth in Chapter 11., and the same rheo- 
pbores, are applicable to it. 

I must, nevertheless, recall the fact that, unlike localized faradi- 
siation, intermittent galvanization cannot produce contraction of 
muscle without at the same time exerting a calorific and electro- 
lytic action upon the skin, and that the more energetically, the 
longer the rheophores remain in contact with the same point of 
the cutaneous surface. For this reason, I have been careful to 
change the place of the rheophores after each intermittence, by 
moving tbem over points corresponding to the masses of muscle 
to be galvanized. By thus proceeding, the cutaneous excitation 
is much diminshed. 

B, — It is fitting to mention here the diflerential effects of the 
intermittencea of induction currents, which appear to render 
difficult their study as compared with galvanization by interrupted 
currents; and I will explain how I have overcome this difficulty. 
We know that each intermission of the galvanic current produces 
a muscular contraction, at the completion and at the interruption 
of the circuit, but less strongly at the latter than at the former, 
without changing the direction of the current ; aud, on the other 
hand, it will be i-ememhered that the contrary occurs, for induc- 
tion currents, at the completion and interruption of the circuit; 
tiie current going in au opposite direction, and producing an 
essentially different electro- physiological action, as far as the 
influence of the direction of currents is concerned. It seemed 
therefore diflicult, if nut impossible, to compare the interrupted 
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galianic correnU, tlie ccarse of nliich is always ceotnfogal or 
eentripetAl, with currents of indaction wliich, *iUi the osiul 
riteotomai or kitli tretnbtetB, vonld always be aliematii^. 

It sag for the porpose of obtainii^ raily the entraitre or the 
exit of the induced cnirent, so as to cause the passage, at aill, of 
a ccotiifbgai or <:«iitiip^al correot throagb organs, that I con- 
itmcted the distribator rheotome which has alrcadv Ixea d&- 
acfihed <%. 40. p. 123). 

FandizatioD by oentrifti^al or centripetal ctnreBta. which 1 hare 
been aHe to pmctbe by means of this rheotome, has permitted rae 
to obeerre, in frogs and rabbits, phenomena analogoos to those 
whidi hare been prodoced experimcnlatlr, under tbe iufloence of 
tbe diKctioD of galvanic cnrrentg ; but 1 must aiy that, in the 
treataMat of paialjsis, it has not exhibit^] any appreciable diA 
finenee, as re^ids its action upon motility, eensilHlity, or nntritba, 
^om fiuadiiatioD practiced with ordinary rheotomes. I ooncluda^^ 
thetefine, tbat muscnlar faradization, either with or without alt 
Dating cotrents. is perfectly comparable to muscular gal' 
with intermtseionfi. 

C. — I hare already stated (Chap- 1.) that. )%twe«n the complel 
aDd the intermption of a galranic circuit, the current, which is 
then coDtinnous, prQduc«a Hbritlar oscillatory contracticms. lliia 
is another character which distinguishes the intermissiooB of 
the galraoic current &om those of the induced curreut. There' 
fare, when I have had to make a comparison between the theT»-. 
peaiic action of these and tho^, I have alirays taken 
precaation to diminish consideraWy, dnring the intemiis^ons aft 
the galvanic current, the duratiun of the intermediate actiOB. 
between its commencement and it^ cessation, evea to the degree 
of almost entirely abolishing this perim). For this purpose I h&i 
employed a rheophore, the teeth of which affordeit only a sms 
surface of contact, such that each intermission was necessarity 
very short, how slowly soever the toothed wheel might be turned. 

The whole of the precaationa indicated having been taken, it! 
was possible for me to institute a comparison between tbe ther»-! 
pentic action of intermittent localized galvanization and that of 
localized muscular faradization, in the treatment of paralysis ., 

D. — The result wa^ under all tLe foregoing conditions, and. 
when tbe electro-motor power of the battery was sofficiently great* 
that localized muroular gah-anlzation afibrded nearly the same 
therapeutic results as faradization. 

However, the benefits being equal, 1 have still preferred localiaed 
mnsc4]lar faradization, which, ejierting the same therapeutic in- 
fluence over local circulation and nutrition, has none of the uu 
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venienceB of gahanism (electrolytic action, action npon tlie ekio, 
and too acute excilution of the retina), and oBers tbe advantage of 
acting sharply, according to the indications that are to be fulfilled, 
npoD the muscular gensibility with the extra t-urrent, and npon 
the cutaneous seiisibility with the induced current, by virtue of 
the properties ept-cial to each. If. besides these reasons, it is 
considered that induction instruments are of smatl bulk, easy of 
transport and of u[>plication, and inexpensive, it u ill be understood 
why 1 have advised the use of muscular faradization in preference 
to intermittent localized muscular gtilvanization, which i-eqiiires 
large batteries, only applicable, in general, in the rooms of 
specialists. 

IV. — Results of my investiqations into the therapeutic 

APPLICATION OF REFLEX GALVANIZATION BY CONTINUOD8 CDB- 
BKNT8, MINGLED WITH FEEBLE INTERMITTENCE8 (labile CUITeuts), 
AH COMPARED WITH LOCALIZED FABADIZATION. 

I will pass in review, as rapidly as possible, some of the prin- 
cipal maladies, or muscular affections, in which I have studied 
experimentally the therapeutic action of continuous currents by 
Ijemak's method, as compared with localized faradization; re- 
serving more complete details for the second part of the volume. 

A. — Abopkic paralysis consecutive to traumatic lesions of nen'es. 
— More than twenty years of electro-therapeulic research, con- 
ducted publicly upon a large scale, in the Paris hospitals and in 
my own clinique, tested and confirmed by a great number of 
observers in Europe and in America, have established, in an 
imwntestahle manner, the therapeutic value of localized electriza- 
tion by faradization, or by galvanization with interrupted currents, 
and especially by the former, in the treatment of atrophic paralysis. 
The facts and consideratioDS already brought forward cannot have 
left any doubt, upon this point, on the minds of ray readers. 

However, in presence of the claims of the promoters of Eemak's 
method of galvanization, and especially after the aaserttons of 
young philosophers who, I regret to have to say, interpreting in a 
strange manner the results of their experiments on rats and rabbits, 
have come before the Academie des Sciences, and other learned 
bodies, to announce that induction currents paralyt^e iimervation 
(a statement which would lead us to suppose that the therapeutic 
results had not happened), I wished to discover, in my clinique, 
whether experiment would explain such an aberration, if not fully, 
at least to some extent. For this purpose I have applied con- 
tinuous currents, mixed with intermissions, exactly after the 
method of Remak, to the treatment of atropine paralysis, con- 
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secntn-e to tnomfttic lesioos of ueires, is the cases that hsTe 
before me. 

The remhfl of time eipenmeDtal reeeazelKe hare be«n br 
[iilfilling the preteDaoos of Beawk and of hta school. For 
proTement, io eases ot any sererilT, I hare had long to wait ; 
I haxe generally been naable to efiert a complete cure exc-ept hv 
localized ^ectrualion, — that is, by exciting peri{jJieTalIy oil parts 
of the panlysed mnsdes (fibrm, nerrea, and TeeeeU), by mo* ~ 
over all points of the Borfiure the riieophoras of my indnel 
iostromeDt. 

It might be snpposed, nererthelea, that the combination of 
two methods of olectrizatioQ might sometimes prodaee a mi 
rapid core, when tbe atrophic- paralysis is symptomatic of a 
le^on ; beoanst^, by R^makV method, the r^Bex action stimtdi 
the spinal centra, at the same time that the motor and sensil 
nerroos ramificAtions^ aod tbftse that govern the local circolatii 
are peripherally excited by iocnliaed electrizatiiKL 

For several months I have tried the two methods in combioatii 
particalarly in the sptmil paralysia of in&ncy ; but I am not ji 
able to pronomiee upon their actual value. I am not acco^toi 
to form concloaions in so short a time, in my experimental 
Bearchea npon therapentical qaeslioos. 

B. — Lewi-palty. — It is espe\.'ially with regard to lead-palsy 
the exclusive porttzans of the continuous corrents, have been mi 
unfortunate in their iocousiderate attacks upon the valae 
localized faradization. I have certainly treated by this metl 
several hnndred cases of all dc^^'ees, and more or less general in 
extent; and I have known few which have not been quickly 
cured. 

With regard to the electric treatment of this form of paralysis 
Uemak has had the un^kilfolnesg to write: "The kiudnesa 
many of my friends has aCTorded me opportunities of treating 
certain number of pattonts, and has fully convinced me of 
insufficiency of the induced current in many morbid states, 
cially in rheumatic aod saturnine paralysis, which, according 
M. JDiiehonnt', oaght to he cured by it"* 

To this attack I have already responded iu the following manner: 
— " The facta which have been stated, and which, since their pub- 
lication, now of old date (the first edition of ' Localized Electriza- 
tion,' in 1855), have been supported by others too numerous to 
be reckoned, and by a vast eWtro-therapeutic experimentation 
rt^ipeated by numerous obser^-ers: all these facte, incontestable and 
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]mblic!y collectwi, ^aalile ua to appreciate correctly the strange 
and coutradiotory assertion of Remak. 

" It 13 true that this esperimentaiist proposes to land the tbera- 
peutic su[)eriority of the continuons cnrrent, which, lie says, cures 
lead-palsy in a marvellous manner. At the time when I write 
these lines, I have already tried this method of galvanization ujkjii 
some patients with this form of disease. Ont of four patients, two 
became tired of a painful treatment, which, after three weeks, had 
produced no amendment. A third b<'ggetl me to employ the 
localized faradization, which he had seen applied with sucress to 
many of his comrades. The fourth, who has not at present been 
more fortunate than the other three, is willing to surrender himself 
to the continuous current for another fifteen days. 

" Certainly such a result does not enable me to sing the praises 
of the continous current in the treatment of lead-palsy. Let us 
hope, nevertheless, that new and more extended experiment may 
rehabilitate the worth, so much vaunted by the German electrician, 
ot the contiuuous current as applied to the treatment of this 
disorder." * 

The strange assertion of Kemak has been repeatt-d by his adepts ; 
and to refute it I have brought together a fresh series of cases, 
chosen from amongst those of my cHniqiie, in which saturnine 
paralysis of various forms and severity has been cured by 
localized faradizatiun. I should add that, after having con- 
tinued to test, in my room, the therapeutic value of galvanization 
by Jtemak's method, as applied to the treatment of this form of 
paralysis, 1 have again found it inferior to localized faradization. 

C. — Eleclromuscuiar coniracltlily. — The muscles which, in certain 
forms of paralysis, no longer contract under the influence of 
localized faradization, may sometimes still be thrown into con- 
traction by the intermissions of a voltaic current, when these 
muscles or their nerves have been traversed, for one or two 
minutes, by a continuous current. 

This phenomenon, which, for the first time, was described by 
Bemak ' in pathological conditions, had been previously experi- 
mentally discovered in animals, by R. Heidenhain,* who observed 
that on submitting a muscle to the shocks of induction, or on 
tiring it by stretching, or on plunging it into hot water (28° to 30'^ 
Cent), it lost its excitability ; and that this property (the faculty of 
contracting under the influence of electric excitation) was restored 
to it by the continuous current of a Darnell's batlery of 2.i or 30 

* DochenOR, Elurlritallmi loca 
editimi, ii. 'A'lS. 

• " — -'[, !.*■.«■(. 
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elements, in a manner more evident in employing the ascending; 
than the descending current, , 

I have tried, a, very large number of times, to produce thig.] 
electro-muscular phenomenon, in traumatic paralysis of nerves, ia- 
Baturnine paralysis, and in the spinal paralysis of infancy, bnt £l 
have only seldom succoedefl. 

I should here point out the following source of error. When 
the contractility is considerably weakened, a time comes when th»' 
muscle no longer contracts under the influence of the rapid inter- 
missions of induction currents, while it still responds, in a very 
appreciable manner, to the more distant intermissions (from one 
to two seconds) of the same induction current. But, a great 
number of induction instruments giving none but rapid inter- 
missions, it has happened that on applying them to the investiga- 
tion of electro-muscular contractility this has been supposed to bo 
abolished, while it would still have been called forth by the slow 
intermittences of an induction current, and even o{ a galvanic 
current. It has been by prot-eeding in this way, there can be no 
doubt, that experimentalists have been deceived by appearances, 
and have been brought to believe in the irequency of the electro- 
pathological phenomenon now under consideration. 

However this may be, I repeat that I have sometimes found 
cases of paralysis in which the muscles no longer responded to the 
distant intermissions of an induced current, but in which they 
contracted more or less under the influence of the distant into 
missions of a strong voltaic current, after having been traversed, 
during from sixty to eighty seconds, by a constant continuous 
current. 

From tliis special action of voltaic currents upon muscular 
irritability, their exclusive partisans have argued to their greater 
therapeutic power in the treatment of paralysis. My own expe- 
rience shows that these pretensions are unfounded. I have even 
seen a ease of lead-palsy (for it is chiefly upon this form of disease 
that I have made such experiments) in which the paralysed 
muscles only contracted to the intermittences of a voltaic current, 
but in which they gained only a little under the influence of & 
sufficiently prolonged treatment by continuous labile and stabile 
currents, and were then completely cured by localizetl faradization 
alone. Nay, more, in the great majority of cases the lead-palsies 
in which the muscles no longer contract either to faradization op 
to intermittent voltaic currents, are none the leas cured by the 
former method of electrization. 

It is of little consequence, indeed, that one kind of electricity 
nets more energetically than another upon the excitability ot 
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tiritability^ of muscle, when it is Ichqwd, as I bave demonstratei], 
that ia paralysis the roluntary movements may be re-established 
by localizitl faradization, although tbe paralysis of electro-muscular 
contractility remain. It is this strange phenomenon that is 
expressed in the title of a memoir that I addreKsed to the InsHtui 
in 1846, — "The integrity of the electro-muscular contractility 
is not essential to the performance of voluntary movements," 

D. — Paralytic contraeltons. — It is especially in the treatment, by 
the continuous curri;iit, of the secondary contractions observed in 
cases of hemiplegia consecutive to cerebral htemorrhage, that 
Bemak has made application of his theoretical ideas about the 
electro-physiological phenomfnon which he has called galvano- 
tuuic retlex contraction; theoretical ideas which rest upon the 
. experiments already described and criticised, 

(a). He has thought to discover a more complete demoustration 
in the influence of continuous constant current*, during their 
passage through certain nerve-trunks, upon paralytic contractions. 
The following is a summary of an example that he cites as a 
typical case, showing the reality of this special action of the 
continuous current. 

Case XHI. A womcm, aged 35 years, vaa attacked by hemiplepc rontrac- 
tion of the right Bide consecutive to s cerebral hiemorrhagH of eightotjn 
months' etAoding (ehe was aphaaic). Bemak passed tlie conttuuous current 
of from 20 to 30 of Daniell's elements through the right cniral nerve, and he 
BSw, after 30 or 10 se»)nds, the scgnientB of the upper limb and the Angers 
of the hand of that side which hitd been strongly flexed, extend ttaemselveB 
completely, while analogoTis effects were [iroducod in the lower limb, by 
treating the median nerve in the same manner. 

I have many times repeated this experiment of Kemak's, under 
analogous conditions, upon the patients of my clinique, and I have 
very rarely witnessed the production of these so-called galvaiio- 
tonic reflex contractions, which, according to him, should be the 
essential sign of the therapeutic action of the continuous current. 
'Xhe following are the experiments that I made publicly at the 
time. 

dm XIV.— Daring several weeks I subjected to these eiperimenta, or 
nther to treatment by tbe continnons current after tbe motfaod extolled by 
B«aiBk, six patitiuts of my diniqne, who were suffering from secondary para- 
lytic contractions, uonsecntive to cerebral hiGmorrhage ; fonr of them had 
bemipl^pa of the right side, and were aphasic ; the other two had hemiplegia 
of the left side, and their intelligence was unaffected. The jiaralytic coutraft- 
tioDS were of from one to two years' duration. In all, I caused the passage, in 
tbe median and crorat nerves of the paralyzed side, of a descending (centri- 
ft^l) current, in a permanent manner in each nerve during one or two 
minutes; each snincc for eocb of them Ustiiig from live to leu minutes, with 
a cuirent of trom fifty to a hundred elements of my Kulphat« of lead bnttt-ry, 
and of a teasiou atcommodated to the d(^?reo of individual tolerance (for it 
must not be forgotten that this kind of galvanization is painful). Jti iia<: of 
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I At ffttmO* I tevertd timet prcdmtd rejler coMnKtion* in tht pamlj/md loav 

I b'mM, while entuinff thepatm^ofa ilrong tttatinaoia rurrenf, now Virough At 

I joaiiaii now through the eraral nerve. The Ivg tens extended upon the thigh, tks 

I /«re^na upnu the arm, and at Ihe lame time Uie hand uyu opentd. The pstioit 

I (ft woniBii 30 years of age) pointed ont to me thftt the mme thing happened 

I ncftrl; always when she yawned or eiperienccd any emotion, especially npon 

I awBldng in the morning. In none of tho other patients conJd I produoo 

I reflex contractions, whatever might be the intensity of the contiunoos cnr- 

I rent or of its passage throngh the nerve. I remarked nothing bat conttao- 

F tion of the muscles governtd by the nerve eicit*d. The patients, however, 

told me that their flexed and contracted limits often became extended, and 

I that their hands wonld oi)en when they yawned or sneezed, or under tba 

influence of any movement made with effort 

Let us admit that the reflex coatractionH desiMibed by Remak 
commonly occur uuder the influence of continuous currents 
traversing the nerve-lrunka, and let us inquire their significance 
and their value. 

Reraak sees in these phenomena the proof of the electro-physio- 
logical fact that he believes himself to have discovered, — the 
galvano-tonic contraction produced by the continuous constant 
current, and which lie has made one of the^ fundamental bases 
of his method of galvanization. Thus, in his experiments (see 
Case XIII.) the excitation of sensitive fibres, produced by the 
continuous current in the crural or sidatic nerve, should have 
reacheti the spinal origin of these sensitive fibres in tlie lumbal 
regions ; and then, passing along the whole length of the spinal 
cord to the origin of the brachial plexus of the same side, tlie> 
current has exerted an elective action upon the motor 6hre^ 
which produce extension of the different segments of the upper 
limb, and principally upon the radial nerve. 

For the clinical practitioner this experiment will not have the 
signiiication that lias been given to it by Ilemak. Who, indeed, doet' 
not know that in the secondary contractions that supervene upon 
hemiplegia symptomatic of cerebral haemorrhage, the side of tlie 
spinal cord, which supplies nerves to the paralyzed muscles, acquires 
an extreme excitability, and that the slightest impression from an 
external or peripheral <;aU8e may produce spasmodic contraotii 
precisely like those which Keniak considers as reflex contractioub 
specially produced by the influence of continuous currents ni 
certain sensitive nervous zones? Who has not seen in the h< 
plegic paralytic contractions, the fingers, the hand, and the 
arm, which remain in continuous flexion, sometimes extend th« 
selves completely during yawning, sneezing, or under the inflaeni 
of any impression or emotion whatever (see Case XIV.). 

Sometimes the same phenomenon is produced during a volontaiy 
movement of the lower limb ; thus, I have then seen in hemi- 
plegios, witli contracted upper limbs, sometimes the hand open 
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and tlie arm extend itself, or sometim<£, on the contrary, tbe 
spusm sbuw itself in tiic flexors. I have sometiniee eren seen 
ioi-alized faradization, in these conditions, whether it was cutaneous 
or muscular, produce analogous Bpasms if it were practised pain- 
fully. 

In fine, it follows from the &ct8 set forth above : 1. that, in the 
morbid conditions under discnssion, the power to produce retlex 
sp&sm in the antagonists of the contracted muscles, and often 
even in the latter themselves, is a jrropertij comvum to most e^tania, 
(an acute and sudden excitation of tlie skin, an emotion, a yawn, 
a sneeze, and lastly the excitution produced by the passage of a 
continuous current through a nerve-trnnk, especially if the 
o|>eration is painful) ; 2. eonsequently, that to call these reflex 
gatvano-tonic contractions has no foundation in reason. 

(&). Is there, then, any occasiou to seek a way so circuitous, so 
tni^iuary, in order to explain the therapeutic action of reflex hu<1 
continnuns gulvanizati<:iD of oervc-trunks, in the tivatment of 
contraetious ? The paralyzing or liypostbenizinjr action of de- 
Bceiiding continuous currents upon nerve-trunks, discovered by 
Eekhart,' would afford a better reason for their effect against 
contractions. It was this paralyzing property of the continuous 
descending currents which originally suggested to Kcmak the first 
idea of their application in pathological conditions. The idea wa:^ 
rational and happy, but it has been wholly S|>oilt by his imagiua- 
tioii. 

With regard to the therapeutic influouce of the continuous 
currents against the paralytic slate which accompanies the con- 
tractions, it may be explained by tlie reflex excitation of the 
nervous centres that is produced by this kind of galvanization. 

(e). The thcnipuutic theory of this method of galvunizatiun 
would here be of little consequence, if it really cured the jMiralytic 
contractions eonsfculivo to cerebral hajmorrhage. Is it true, is it 
j)a»ible, tlmt it does cure them ? Into this it has been necessary 
for mo to examine, and I have made it the subject of exjx^rimeutjd 
research. 

Every one knoita, or in the present day should know, after tlie 
admirable researches of MM. Charcot and Bouchard,' that these 
contractions ore symptomatic of the inflammatory state of the 
secondary sclerosis of certain nervous bundles which, when 
the optic thahiiui or corpora striata are the seats of haemorrhage, 

* Eckhort, Beiirage wr Anatomit laid rord [Ardiiva gfa^taltt de Jfi^nW, 

etfiioUma. Gi«Hi). 1MS5. 1866 tt 1867). was Uwi BrBt b< «.uitiili.T 

'i w; hnro that 11. C. H. the penuauuiil iMUlnwaiooB oinatouliip 

I hts i-xnrllcnt rocmoii npwi to cen-liml li(HiM)rrlLa3i' aa nyinjitumatK' 

7 du|p-iu:rMiiuiu lit Iht Hjimal uf aumudsaj adLitMia at llii- •.imL 
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theory ; bot I Aedan, befbtdttad, thsl I •tladEt Bttk 
to it. 

Whfttever it suy be, the geoenl coocIdsoq to fae dnwn, ■■ 
regartta thernpentKfl, is that tbe two znethodj may or oogfat to be 
employed concoirently or alternately in tlie treatment of fMualytie 
contriuTtiona ariaing from a cerebral caiue. Soch, at jH^sent at 
leiwt, 19 what I practise tiabitnally. 

I hare triefl, rlnring aever&I months, the hrpoetbenizing actioa 
of continooiu currents upon tbe nerre-trttaks, in cases of cerebro- 
spinal or chronic-^inal meoingitis. I am not at present in a 
pcwition to exprefM an opinion upon tbe therapeutic valae, hario? 
»cei»e«l btit two cases. In these, however, I hare not obtained 
any apprecinble modiKcation. 

E, — Ftmduyned gpa»ma (Scrivener'a P^^sy, ^'c-)- — tieuralffie eotUrae- 
iion$ eaS«d rheumalic. — Rejiex aaeeiiding cojtiractioni from arti- 
cular injwm. — Oiwrea. 
(a). Functional gj«i»mB. — When I come to treat of fnnctional 

rm, in the ■et.-onii Part, I sliall hove to^say tlial locali^d fera- 
tion lias appf.arml to rac to be most frequently powerless against 
V tJuM norroua affection. It will, therefore, be rnidenitood that I 
Ljiavfi not iieglef'to'l thn application of those continuous cnrrents 
Fwhiclr Itr^mak, an<l i^ime of hitt a'lcpt«, say that they have appUed 
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successfully against writer's spaitiu. I hsvo frequently had occusion 
tu see this local afiection among my patients; and it is not a 
single case only that I have treated by the method so much 
estotled by him. I regret having to say that I have yet to 
wait for a cure. I have not seen even one saccess obtained by 
those who have praised the treatment: on the contrary, the 
majority of the cases that daring several years have presented 
themselves for consultation have been treated without benefit by 
the continuous currents, and the number is now large, I will 
mention, as an example, a very remarkable case that was seut to 
me by Professor Germain S^e, in 18(59, upon which M. Onimus 
had applied continuous currents for about a month without any 
appreciable result. (The patient still presented the marks of the 
electrolytic action of the rheophores.) It is useless to add that 
the faradization tried by myself failed like the continuous current 
I nevertheless advise its application in the treatment of writer's 
cramp, and shall myself continue its employment in this affection, 
since conscientious observers declare that they have obtained from 
it good results. 

(i). — Inddeni (k.—I have applied the continuous current to three 
cases of indolent tic of the face, one of which was recent (of about 
a month's standing), and limited to certain muscles (the zygoma- 
ticus minor, levator labii siipcrioris ala^que nasi, and orbicularis 
palpebrarum). In this cAse the contraction gradually dimirushed 
after the third sea/tee, and was cured in about twelve s^a/wes. 
Several months after tho treatment, I was told tliat the tic had not 
reappeared, but I have had no later intelligence. The two other 
cases appeared to me to be rendered worse by the some treatment. 

Localized faradization, which I have applied sufficiently often in 
indolent tic, has sometimes produced a temporary ametioratiou, 
bat not a single cure. Hence continuous currents appear to me tu 
ment the preference in the treatment of this disorder. 

(c). — Rheutnaiic contractions. — The local or partial contractions 
produced by currents of cold air (rheumatic), or without known 
cause (nervous), the cases of torticollis from contraction of the 
8tenio-roast^)id, the splenius, the clavicular portion of the trapezius, 
or of some deejier muscle, sut'li as the rhomboideus, are in genera! 
cured by faradization, with rapid intermissions, of the antagonists 
of the contracted muscles. 

I have endeavoured to ascertain, experimentally, whether the 
hypoetbenising influence of continuous currents upon the contracted 
muscles would be preferable to faradization of the antagonists. 
The continuous currents have, in general, produced only an 
improvement ; and I have nearly always boon compelled to have 




fnaofa&j ^n the attiealatMa «f the wiiat, in Uk wpou tbe 
Inick or ite |Hlm of tke IkBttd, Tiolon which pnxkKet aa ailliritis 
Bore <v len haeif, or a KHple aitiBBbr pun cf ifaort doislio*. 
Tb» cBBtaetioa which mmebmta xppma a Utde while after the J 
joiat hai ceaaed to be painfol, aad vhea it appeaia to be entiiely -l 
cned. baa ita aeat ia ft larger cr nMlkr Bambn td the isofar ibii»< \ 
da* of the joint afleeted; and at length Bar extOKl to tbe motor 
mnaJea of other joonta on the same sde of the lirah. The pain, 
limited at Snt to the cootiacted Knaelei^ m modaate; bot it after- 
waida attaela tbe otho' mna^ea, altho^i always lemainii^ miHt 
aento ia those which were otr^iaally aflected ; and at lei^th it 
aflMcln the oerve-tniikB wbieh mtffly the mo^es, and, finally, 
their origiffl ta tbe brachial [dezns. Often, even when the oontnc- 
tiona bare dimppeared, the patients an still (sometimes emn for 
yean) anfleren from contiaoal paioa towards the ocigia of tiie 
nerfea of tbe affected limb, pains which seem to be eymptomatie 
of a morin'l condilion of tbe spinal cord. lastly, the etrei^th and 
aenaibility of the limb in which the ct»itractiona ate seated, are 
generallj- fooiid to be diminished. 

I have cured many of these reflex ascending contractions by : 
fiuadization practised in a painful manner (with the extra t-tinent, 
and with rapid iutt^rmissiona). I shall here relate a single ca^e ' 
that was remarkable for the reason that, being of a cerliun severity, , 
it was for more than a year rebellious to various kinds of treat- 
ment, and even to a long applicaliou of uonstont currents, acoonl- 
ing to tlie method of Itemak.tltc direction of which werv ct^ntriiiigal 
during the first two think of the treatment, and ceutripetul durinfr ' 
the rcmftining third, and that it was nevertheless cured in a few 
B^ncet by the fara'Iiztition, in strong dose and with rajiid inlenuis- 
eioiis, of the aotagomsts of the contracted muscles. I give tliv case 
08 a typical one, or rather as a picture of this kind of contntctioD. 

CUsi XV. — Summary. Jlefiex amlrariwn <^ a largt nurnher qf the nator 
muatlrt qf the riyht upper txtremity, exittiag for luwyonrs, conteeutim to on 
arUiritU */ the tcriit of lluil niiU, proltuxd hv a full upon thr hade rf the hand, J 
nbdlume to varitd medical treafiaent, ana to the tippliratiiin during thirtjl \ 
-'-nixtqfennttantamtiHUouteurreititiaixarding to Jieiinik'n niethoil\ eventuaBg 
vt <n a/rw tianoa hy i^nergetif farudisation toith rapul inltnnmioiu if tha 
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a»lasoniMlt <^ ^ contracUd ntudet. Oentiawaiuet/ ^tml faitu ut tt#«tr^n>~ 
doraal ragmn. 

HadetnoiaeOe X * * *, of S&int Brienx, airteen yean of age, bora of 
healthy porente, of & good conetitntion, had mengtmatcd regokriy sidco 
twelve jean of age, lutd had ncrer eaSered from serions illiieBe or from 
bjsterica] troubles. 

When deren fears old (in 1861J, site fell npon the back of her rj^t hand, 
aod aAenmrds camplained of pain in the radio-carpal articalatioii, vilh 
■weUing and wieakness of ite moTeroeots ; ebe wsa compelled to keep Ibe snn 
in a tding for two months, after which there remained ool; a little veakncea. 
When aha wrote, this weakness rapidly increased, and pains were felt in the 
mist, retorning at r^nlsr intervals, and coDlinuing for one of two hoius. 

Towards the age of thirteen years and a half, alter having danced cne 
arening with macb animation, the pain Id the r%ht wrist, which had besB 
palled a little roughly, retamed with snch intensity that all use of the haad 
Mcame impassible. There a'as neither redneea nor swelling to be Been, ne 
pain oonlinaine, Jobert de Lunballe^ who was consnUed two rooBths alter- 
wanls, adnsea the application of flying btisUxs to the painfril part, whieb 
produced no result In December, 1861, the pain still oontinned ; altbongb 
litDitad to the wrist, it forbade all morement or use of the hand, and occa- 
sioned loss of rest At this period M. Nelaton wss oonsalted. and be applied 
an immoTsble compresNve spparstuii, which was renewed every tea days, 
*Dd frietionfi of tincture of iodine. 

This apparatus was employed for four months, bat withoat reedlt ; the pain. 
on the contrary, becwne more severe, and after two months a wntzactiapii 
■iqieared in the radial and pronator muscles of the injured side. Unriog tbo 
^ar 1865, by the advioe of Dr. Begnanit of Bennee, reooorBC ww had in 
moceesioii to six Hying hlifiters, to S(»-bathing, to the appUcation of hot sand. 
toanHDatic baths, and, finally, ta superficial <!«aleriza!«Hi ov«z the »<&f*«| 
muacles, and all without modifying the pain or the contnctiatL 

In 1866, Uademoiselle X * * * returned ta M. N^laton, who sent her to 
toe. I then found the following condition ; pemnaent fleiion of the hand 
apon the toraata, with pronation ; the patient being unaUe ta «xteiid the 
wnst or ta snpiiiat« the hand. With some efiort, however, I was ahle to 
restore tbo position of the limb, producing cries of jiain from the patient: 
and, when left alone, it returned to its former position. The oae of t&e hand 
waa kwt ; there was perieet movement of sboajder and elbow ; the limbs had 
BuwrtHl their natural size ; the general health was satisfacUwy ; the appe- 
tite wis good; thexe was no leeion of the circulation, and no a{ ~* 

I advised at that time the application of costinnoos ci 
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a fetmgiootM treatment The first part was postponed on aceoaat of an 
^* n prerailed in P " " ' ■""---■■ 



e of chidera that then prerailed in Paris. Hademoiselie X * 
aearedy mtumed to her homo when the oontmctiaa extended to attta 
BUHdea: tits flexors of the finners kept the hand constantly shut, so tba the 
Blik penetrated the skin; deep pains were felt towards the origiB of 
the bcachial plexiw, and descemdisg to the donal region; then fc«er«Bp»- 
TcOed, with maoamia. Cupping was practised three or fbor tinea onv Aa 
paaifa] part, then flying bhslera were applied to the same rcgitw, tart w ithwl 
any naiirovement 

On hsr return lo Fari^ April 18th, 1866, Hadanotadle X ' ■ ■ fane In ma 
Bffhti I finmd, in the i^t upper extremity, ccntncliDoa of the aqieifcal 
■M deefi flexoiB of the fingers, of the biceps taaehialiB, and at moat of Ac 
MBBdea which move the arm upon the shouhler. IlMee emtnctiaaa odled 
Ibftt pains is the wh<^ limb, and in the cerrioo-donal portiaa at the B|m^ 
paioa which were ™ ' laaul when an attempt was nu»jh> to orcacone t^ 
acaUnctknx. "Die ctmtiaami» flexion based the naib in the palm at tba 
hand, which waa inflamed, and threateoed to oloeiata; there waa the gt^tkat 
diOndly in egtending Uie fingers. The thumb, Etroo^ eaKpnased betwocK 
Uk Caw finesa and the paJm of the hand, was as if atnc^iUiid tij th« 
-~~ '— -.->— I more difficult to extend than the fiugiaa ; thaoBof 




J 



SOI 



UWALIZED ELKCTRIZATION. 




f 

^^^B (he oontruted limb waa preBerved. Tho eleei) was intcimpted, niOTeover, by 
^^^^ the spinal pain in Ibo dorsal region; there nad iioith«ir been headache, nor 
^^~ fever, the meustnmUon waa reguJaj, and the ai)pelit6 and general health 
r were good. 

Galvauio treatment, by continuotia and refles cnrrentfi, was commeiicod 
L immedjatoly. 1 eiiiiiloyed a pile comfiosud of aO sulphate of lend eleuienta, so 

^^^ graduated oa at first to cive only a force of 10, 20, or 30 olemcnU, according 
^^^L to the maximum of tolerance, which was di%;rent on different points un 
^^^1 which the rheophorea were placed. Sometimeg the negative rheophore waa 
^^^M placed over tlie courae of the median nerve, at the lower part of the forearm, 
^^F and the positive at the bend or the middle part ot the arm, over the coarse 
I of the aame nerve; sometimes the contractod liand was immersed in w&tur 

r that wsB in coramunicotion with the negative pole ; while the positive pole 

I was placed either at the origin of the cervical and doraal nerves, ot OTor the 

I brachial plexas, or over the coaree of the nerves that proceed frtnn it. 

^^H After about ten lenncef, the patient waa able a little to correct the position 

^^^b of the wriet during the pait^^e of the current; but this power ceaaed with 
^^^B the operation. From this time the hand progreadvely opened, and remajned 
^^^P open at firat for some nunutea, and, after further apphcations, for aome 
^^^ hours after each galvanization. Then the patient was able to open and 
F shut the hnud a httle at will ; but a few days later menstruation set in, 

I and the contraction of the flexors of the flngera became as complete as 

I before. 

After a repose of fiis days, the application of the continuous current waa 
renewed as before ; and, at the end of three t^anets, the contraction of tho 
flexors of tho fingers and thumb had disappeared. But the spasms continued 
in the other musclea, and inercaGed in the biceps, and even in the radial 
mUGcloB, until, although Mademoiselle X * ■ * could openand shut the hand 

» freely enough, it remained in u state of supination and forced extension, 
which rendered it uaeless. 
The continuooH current, employed for twelve days longer in bo ascending 
direction, produced no improvement in the stat« of these contractions. 
1^ I then det«rmined, before abandoning electric treatment, to try localized 

faradization with rapid intcrmiasionH. I apphed it very enei^eticaliy to the 
antagouiHte of the contracted musclen, to the pronator teres, the triceps 
btachialis, the intcrossei, and to the extensors of the fingers. To my great 
surprise, in the course of a few minutes all the contractions had complete^ 
disappeared. Tho result obtained 90 rapidly was maintained, and half an 
hour offer, ModemoiBello X * * * could write, and, in my presence even 
played scales upon the piano, wliich she had been unable to do for more than 
two years. The localized faradization was continued for twelve days longer, 
in order to eonflrm the cure, and to increase the strength and sensibili^ of 
the hand. After twelve sAtncfs, the force of the flexors of the lingers whicli, 
measured by my dynamometer, at first scarcely equalled four kilogrammes, 
I had mounted to eighteen. 

^^^^ Retamed to her home. Mademoiselle X * * * preserved the full use of tho 

^^^h light hand and arm until December 18UG, but with the first accoEs of severe 

^^^B cold her forearm was rendered supine by contraction of the supinator brevis : 

^^F the hand preserving full lilwrty in all its movements. The pain, which had 

extended from the last cervical vertebra to tho middle of the dorsal region, 

returned more acutely, Blisters, dressed with morphia, dry cupping, and 

opium internally, were used without success. 

On the 29th of September, 1867, Mademoiselle X * " * was brought to mo 
in this condition. In a few tunica I ogain mastered tho contraction of the 
Bti^inator brevia, by energetic foradizntion of the antagonistK with rapid infer- 
missionB. I was afterwards able notably lo diminish tlio Eipinal pains by 
electro-cntaneona escitation over their seat. Since then, the contractioria 
have not reappeared ; bnt, some weeks after, the spinal ])ains returned, more 
acutely than ever, with exacerbations during the night; and they still con- 
tinued in 1869, notwithstanding oil tho medication that was employed. 




1 purpose to return, in the second Part, to the pathological qncs- 
tions tliat underlie the foregoing record ; and I confine myself for 
the present to remark on the evidecce that it affords towards a 
therapeutic conclusion with regard to the respective usefulness of 
continuous currents and of localized faradization. 

Although I have generally obtained a cure of rheumatic contrac- 
tions by energetic farndiitation, with rapid intermissions, of the 
antagonist muscles, it has been seen that, in the foregoing case of 
reflex ascending contraction from articular injury, I gave the 
preference to reflex galvanization by a continuous current. This 
seemed to me to be the more rational course. It was manifest 
that the contractions had been caused by the articular irritation 
consequent upon the fall on the wrist, and hence that they were 
reflex. Believing that they were symptomatic of a hyperiemic 
condition of a point in the cervical region of the cord, correspond- 
ing to the origin of the brachial plexus, the application to the 
upper limb of that reflex galvanization by a descending continuous 
current, that is considered to be an hyposthenisant, seemed to be 
entirely indicated, and to offer, in a rebellions cose already of some 
duration, a better prospect of success than localized faradization of 
the antagonists of the contracted muscles. It hiis been seen also 
that I was deceived in my ho}>e ; that the treatment, applied for a 
long time, and in accordance with the rules laid down, showed 
itself to be powerless against this kind of contraction ; that before 
abandoning electricity I wished to try, although success appeared 
improbable, faradization of the antagonist muscles ; and that then, 
to my great surprise, I obtained a cure of the contraction with 
great rapidity. 

The action of this mode of faradization of the antagonist 
muscles was so heroic that, notwithstanding the persistence of 
spinal ptiina, it rajiidly conquered for the second time the contrac- 
tion of the supinator brevis, which had returned and had continued 
for several months, 

I shall show hereafter that the spinal pains were symptomatic 
of a secondary morbid condition of the spinal cord (sclerosis) 
which still existed in November, 1869, and wliich is the onlinary 
termination of a reflex ascending contraction from articular injury ; 
and that their long persistence gives to the case a certain degree 
of gravity. 

(e). Chorea. 

Case XVI. — I have Eubmitted to the action of the continuous currents, 
of from 30 to 50 elements of my snljihate of load bttttery, two cases of 
cliortn, in yonng subjects aged respectively fourteen and Riileen fears; the 
current travereing the affected limbs and the verteliral column, in n <tirection 
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sometimes asccndinp: and Rometimen deivcnditip;, and etuih sMnix Imvii 

from ten to flfteen minutos. In one of iheec cases, both the npper ol. _ . 

the lower limh« were affected lij- the pnrtia! muscular contractiOnB. The 

Ktient was cnied in fifteen nppb'cationfl ; a progreBsivo im^roromcnt having 
E>ii obtained sJtcr the first few. The other case, in whieh the mtiacnlar 
BpMms were less general, but of more tlinn a jeor'a duration, derived no 
benefit from the continuous current, which was npplied in the same n 

These two cases afford eoufinnalion of what bad been abeady 
established by others (llcmak, Hjfielsheira, Benedikt.,) that chorea 
may sometimes, but not always, be cured by the continuoas 
current. 

I should remark that localized farudizatiou, especially by reflex 
octiou, may also count its cures of chorea. I have myself obtained 
them, although I have only treated a very small number of cases. 
Some have even been cured by static electricity. 

Since chorea may thus be cured by all kinds of electrization, it 
behoyes us to seek in the future what proceeding or method, 
whether faradization or galvanization, (leeerves the preference in 
its treatment. 

M. Onimus says that, in the treatment of chorea, "ijidw(ion 
currents are rejected hy ail pliygtciafts who are engagtd in electro- 
tkerapeuiics," and then he describes a treatment by contiuuons 
currents, which , he says, ' ' has always gucceeded wUh him in Ihis affee- 
tiott, and which eomtsie in causing^ tlie postage of an aecending (Wn- 
iinuou* current through tlie timha or through tite vertebral column 
during from (hiriy to fifty minutes."' 

What I have already said about the therapeutic influence of 
induction currents, especially when applied hy reflex action, in the 
treatment of chorea, proves that thia writer is deceived when be 
states that they are abandoned by all who practise electro- 
therapeutics. 

I cannot believe that ho thinks that the method proposed by 
him, of galvanization by an ascending continuous current, would 
always succeed in the treatment of chorea, for he has only applied 
it in a few eases. Moreover, every experienced practitioner knows 
that, in order to judge of a therapeutic question, we require 
numerous facts, and the test of time. 

Is it thoroughly demonstrated, as M. Onimus affirms, that the 
continuous ascending current has an advantage over the descend- 
ing for the cure of chorea. It seemed to me that an experimental 
count«r-proof was necessary. I proceeded to apply it, and the 
result ia shown in the following case, which is given only in 
outline. 
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CiBE XVn. — On llie ilay on which tbo diwovery of this curions thera- 
pentic property of the ascending: cniTent was annomieed by M. OnimiLB in the 
Gaztite J^i liopitaux, an opportunity for tho required counter-proof wna 
afibided me by tho cose of a young lad, who had heea suffering from chorea 
five nionthB. I caused the passage of a descending cnrrent from 30 elements 
of my Bulpbate of lead battery, during five or six miuutee, through each of the 
limlw agitated by choreic contractions. Tbe hands were placed alternately 
in a hitBin of water in relation with the negative pole ; and the rhcophore i^ 
tiie nositive polo was placed on a point eotrospiHiding to the origin of the 
btncltial plexus. After the second application, the agitaticai of the nppur 
limbs ha<l notably diminished. I then passed a descending cnrrent throngh 
tbe lower limbs and (following the direction of the Bpinal cord) through the 
trunk, which was the seat of sonic isolated convulsive ccmtractiona. From 
t)iat time the improvement was jvogressive, and after fourteen applications 
the yoitng paticait was cured. 

It is possible, and even probable, tbat a greater or leas number 
of cures of chorea, obtained by other observers, have also been by 
the agency of the descending continuous current. Bnt tho case I 
have recorded, even if it were solitary, proves, contrary to the 
assertion of M. Ouimus, that the descending continuous current 
pDBBesaea, like the ascending current, the power to cure chorea. 

Is this therapeutic action of the descending e<)ual to that of the 
ascendin;; cnrrent ? I reserve this question for future inquiry. 

(F). — Progressive miacularatropht/. Sclerosis. — Do the continuous 
currents, by reflex action, exert upon tbe nervous centres a more 
favourable influence thau localized indiietiou currents, in modifying 
the conditions of local circulation or nutrition ; for example, in 
ppogreasive muscular atrophy, or in atlcrosis of tlie cord. The 
affirmative b maintained by Bemak, and by the exclusive par- 
tisans of continuous currents. 

I shall show, in the secoud Part, that localized faradization is 
one ot tiie best means of immediately encountering the disorders 
that are symptomatic of the maladies in question. Thus, for 
example: 1. in progressive muscular atrophy, muscular faradiza- 
tion will sometimes arrest the progress of the wasting, and will 
even develop the muscles that are on the way to destruction; 
2, in glosso-labio-laryngeal paralysis it improves for a time the 
articulation of words and the deglutition ; 3. in locomotor ataxy, 
electro-cutaneous faradization often cures local anasthesia, and 
consequently much diminishes the functional disorders that it 
occasions when seated in the extremities ; it sometimes causes the 
disappearance of fixed cutaneous hypenesthesia ; faradization of 
the eye may arrest atrophy of the papilla of the optic nerve ; and, 
lastly, faradization sometimes cures or removes paralysis of the 
motor-muscles of the bladder, the rectum, and other viscera. 

In the presence of such residts, and especially when, after 
having applied faradization in a general manner, I had seen the 
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x>r ataxy, l^f 
jariihes into ^^ 



N 



disappearaiice of the Hymptoma of progressiTe locomotor a 
conceived the hope, at the commencement of my researi^hes into ■■ 
this disease, and prior to describing it, that faradization would be 
one of the best means of tretitment hy whicli it could be opposed. 

But, unfortunat«lyj experience soon taught me that the rfsiiltfl 
obtiiined locally — all incontestable as they were — were still but i 
temporary ; that the cure of the disease was only apparent ; that, 
in ita normal course, ataxy is tsBentlally remittent ; that it was j 
not uncommon to aee the occurrence, even spontaneously (among 1 
unfortunates who, for want of means, were unable to pursue any I 
treatment) of remissions of even long continuance (sometimes of a i 
year or more), during which all the symptoms of the malady had ( 
disappeared, so that it was possible to believe it to be entirely cured. ' 
I must, in one word, acknowledge that, perchance, the faradiza- 
tion may have been applied coincidently with one of these periods 
of remission ; but the ataxy none the leas resumed, after a time, its 
progressive course. The same may apply to glosso-labio-laryngeal 
paralysis. 

Beraak and his adepts have, however, announced that constanfl 
continuous currents have power to cure the profound lesions of thsl 
nervous centres which are characteristic of progressive locomotorfl 
ataxy. I accepttd, as a great benefit, the promise of a medicatioDi 
that should be eihcncious in tbe treatment of this malady, the4 
march of which has apjwiired to me to be so fatal that, in describ-J 
ing it, I gave it tbe name "progressive," and I hastened to test th* 
value of the plan proposed. 

1 do not yet venture to formulate my opinion of the actual theT»* J 
peutic value of continuous currents in these organic lesions of thol 
nervous centres. I cannot so soon forget the lesson that I drew 
from my illusions about the seemingly happy results of my tiret ' 
applications of faradization in similar cases. I even fear that those 
who have published cases of the cure of locomotor ataxy by con- 
tinuous currents may have been too hasty in their conclusiona. 
They possibly may not be sufficiently aware of what sometimes 
occurs in the natural course of the disease, without any treatment 
whatever, — of the long remissiona that I have described, during . 
which tbe symptoms may so far disappear that the patient may ■ 
seem to be definitely cured. 

V, — Galvanization by Permanent Continuous 
Constant Currents. 

Galvanization by permanent continuous eonstont currents, ( 
sists i[i causing the passage of these currents through organs, 1 
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without intermiasiong, for ae long a tiniR as possible (from thirty 
njiniit^B to several hours), and in reducing: 1o a luiDimum the 
action of the completion and of the interruption of the circuit. 

It ia in this kind of palvanization that we have most to fear 
the electrolytic action of the battery. HifFelaheim, who has 
most extolled, as I have already stated (see p. 184), the therapeutic 
application of permanent contimious currents, has constructed a 
small sulphate of lead battery, formed of 80 or 100 elements, 
which are each 5 or ti centimetres in length by 8 in width. 
Althongh this little battery, the current of which is very constant 
And the tension sufficiently great, exerts a comparatively feeble 
electrolytic action, yet we have already seen that the permanence 
of the current, and its long passage at the same point, will affect 
the cutaneous surface more or less deeply (Case XV. p. 184.) 
It is therefore necessary to know exactly, under such circum- 
stances, the electrolytic power of the battery that we are about 
to use, and to know how long the rheophores of its permanent 
current may remain in contact with the same points of skin, 
without producing vesications or eschars. 

It is hardly necessary to point out that galvanization by per- 
manent continuous currents should also be divided into reflex 
and localized ; that the former acts specially upon the nervous 
centres, and the latter upon the periphery. 

Does reflex galvanization by stabile permanent continuous 
currents of long duration (that is to Bay, for seances of from half 
an hour to several hours in length, and necessarily of a dose 
comparatively feeble) exert upon the nervous centres a more 
powerful therapeutic influence than that of reflex galvanization 
by continuous (stabile) currents, mixed with intermissions ? I 
must reserve my reply to this question, which I am now engaged 
in studying experimentally. 

I have seen localized galvanization by permanent continuous 
currents exert a resorhent action, that Itemak has called catalytic, 
in chronic articular afftclious with nodosities, iu ganglionic 
tamonrs, in one case of muscular tumour of obscure character (I 
regret not to have treated in tiiia manner an analogous case to 
which I was called in consultation with M. Nelaton), and lastly 
in atrophy of the deltoid produced by rheumatism. I have not 
the lime to devote myself, ou a sufficiently large scale, to inves- 
tigations of this kind; interesting, it is true, but nliich would 
take me too much away from my habitual clinical study of 
maladies of ihe nervous tentres, of the nerves, and of the muscles. 
In the cases in w hich 1 have been obliged to apply or to cause the 
application of this treatment, I have covered the greater part nf 
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I the cataneoos snrfiice coiTe!>pon<]tng to tbe diseased organ or 

I i^ioQ «ith a moist rfaeophore (n plate of platiitiz>^ copper,,. 

I corered witli wet leather), and I liave placwl a eeeond moistr] 

I rheophore higher np, at a point as near as pnssilile to the former. 

^^^ Then, for half an hour or on hour, according to ibe tolerance of ° 

^^^ the individual, I have caused ttie passage of a permanent coo- 

^^^1 tinuons curn?iit from 10, 15, or 20 elements (in proportion to 

^^^r the length of the seanee), 7 centimetres in lieight, of a eulphate 

P of lead battery. I hare only habitually afsisted at the one or 

I two first applicatiiins; and the patients, whom I have visited 

I from time to time, have themselves continued the treatment; 

I with the precaution, well uuderstood, to avoid the production of 

I blisters or eschars. I have had no occasion hut to prnisp, in their 

I vAy> the calnlytie eSects of tliis mode of galvanizaliou ; and 

^^1 although they are usually very slowly prod«ce<l, I have obtained 

^^H a complete cure on several occasions. Kemak lias bad the great 

^^^F merit, first of suggesting, and then of demonstrating, the valuable 

^^^ catalytic effects of continuous constant currents. 

yi. — The therapeutic action of galvanization of thh j 

BSm, AS compared with CtlTANEOliS FABADTZATION. 

Intermittent cutaneous galvanization is practised by applying 
dry metallic rheophores Jo the skin, previously dried by an 
absorbent powder; and by the aid of a rheotome set in notion 
by clockwork, the intermissions of which are nearly as rapid as 
those of the trembler of an induction apparatus. 

The tension of a battery of good electro-motor power, such M; 
that of my sulphate of lead battery of 100 elements, is not suBi- 
ciently great to excite acutely the sensibility of the skin ; if it 
should do so in the same degree as cutaneous taradizalion, as when 
tha skin is slightly humid, it would be by disorganising it by Uie 
electrolytic action of the galvanic curreut. Cntaueons galvaniai- 
tion by continuous currents is almost nnll when the skin is drj 
and, if the skin be moist, it is slill less acute than intermittent 
CutaneoDs galvanization. 

Consequently, in cases where it is wished to produce upon the 
skin, either for a moment, or during several hours, a more or 
less powerful revulsion, \thich may be graduated from a simple 
tingling to a sensation greater than that produced by fire, without 
prodncing the least electrolytic or calorific alteration, cutaneoi 
galvanization wonld be eilher powerless or inconvenient. 

Nothing but cutaneous fa radi station «ill correspond to tlii 
requirements. The cliuical facts which I shall adduce, in 
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efcood Part, will show that at its maxinnim, or in a eufficlent 
degree of force, I Lave seen it cure ansiiia pectoris, and very 
ptii[iful sciatic Deuralgia wliich liad resisted all medication ; while 
by lesser degrees I Lave successfully treated more or less grave 
neuroses and nervous maladies, or certHin dynamic concUtioDS 
(as in diphtheritic poisoning) by exciting the precordial 
cutaneous zone tliat is iu reflt-s relation with the origin of the 
jmeuDiogastric. 

General Conclusions. 

It is not ray intention to attempt a complete report on the 
therapeutic a[>plication of continuous currents. I believe them 
to be destined to render great aerviees in practice. In Humming 
np in tbia chapter my personal experience of the applications 
that I have made of them, I am endeavouring to appreciate them 
at tlieir proper value ; and at the same time to guard the public 
agaiast the exaggerations of their exclusive partisans. On the 
other hand, in showing t)ie admirable results ul' the employment 
of localized faradization, and in proving by facts that, in a large 
number of eases, it should not be anppianted by continuous 
currents, I have wished to retain in medical practice an excellent 
therapeutic agent, however unjustly it may have been depreciated 
by persons who have not known how to use it, or who have not 
used it comparatively; an agent, finally, the applicatiou and 
raan^ement of which are easy and may become general. If I 
attain my object, I shall have the satisfHction of having avoided 
the great errors of electro-therapeutics, of liaving preserved fara- 
dization from the disregard in which an endeavour has been 
made to place it; and of having larj:ely contributed to its diffu- 
sion in medical practice. 

I snm up, in the following conelnsions, the principal facts that 
have been stated or demonstrated in this chapter. 

L The exclusive partisans of the therapeutic application of 
continuous currents, who, with the object of obtaining the pre- 
Talence of their method, have eliarged localized faradization not 
only with being powerlcfs in the treatment of paralysis, either 
with or without atrophy, but also with being hurtful by exerting 
a paralyzing action njiou the vaso-motor nerves, these galvano- 
tberapeutists, I say, have ignored or misunderstood the admirable 
results of the employment of localized faradization, in the treat- 
ment of these afiections, up<m a great scale, for more than twenty 
years (see 5 I- p- 147) ; in consequence, if they have not obtained 
the same results, they have but to blame themselves for not 
having followed the pi-ecepts that I have established after long 
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clinical pxperimeot. It is sbooD ekewbere that the mnjoritr o( 
them hxTe Dot made aaj compaimtiTe ise of bmdisation and 
of oontiRooos currents. 

n. — TTie electro-phTsiologic*! experiments, made by many ef 
tbem, aod which hate sirred as the basis of the attacks recently 
'directed against the tbriapentic ase of localized famdization, 
have been badly interpnrted, or are inexact CoDtrary to certaia 
asKTtioos, the oontinnoiu omstant corrents and the indnction 
eorrent^ in e<^niTaIeot doses, exert an identiod actioo npon the 
taso-molor constrictors. (See ( IL, p. 14!*.) 

III. — The thempetitic action of localized fandtntwo is exerted 
peripherally, especially in promoting local drenlatiov]. and pro- 
bably in exciting the trophic nerres which goTcni nntrition. 
(See ( in., p. 153.) 

IV. — ^1^ ftmdamental principlea of the diSerent methods of 
galranization which hare been landed in their tnru, have not at 
present been expreased with saffirient clearness ; whence may be 
explained the disagreement of experimenters with n^ard to the 
results of the therap^ntic application of galTanic mrrents. Id 
the clim'cal researches that I hare made npoii the comparative 
tberapeolic valae of gaUanization and faradization. I have divided 
the former into localized galranization by interroitteDt cnrrents, 
loealized galvanization by permanent continnons constant currents, 
and reHex galvanization by labile and stabile continaons constaDt 
cnrrents. (See & III., p. 191 rf My.) 

V. — A considerable namber of paralytic adVctions — I mention 
this in the present place before making known the result of com- 
parative researches — may be cured by any kind of electric 
'excitation (faradization, galvanization, static electricity), in what- 
ever manner it may be applied. (See p. 190.) 

Vr. — Localized mnscular galvanization by interrupted cnrreDts, 
applied with a battery of siifficieat electro-motor power, has 
appeared to me to exert nearly the same tlierapeutic action as 
lo<^tzed mnwnlar faradization ; but the latter ig to be preferred, 
because, unlike the furmer, it exerts no painful electrolytic action ; 
and because the instruments which fumiah tbe inunction cnrrent 
are of small balk, portable, and inexpensive, while the batteries 
which, in these cases, should be composed of a large number of 
elements (about a hundred), are difficult of management, and only 
applicable in the reception-room of the specialist. (See p. 192.) 

VII. — The electro- physiological phenomenon which forms the 
principal bas^is of the method of reSex galvanization by continuous 
cnrrents extolled by Bemak, — a phenomenon which consists in the 
production of tetanoid contractions in muscles supplied by th« 
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nen'e antagonistic to that tbruugb nliich a strong constant 
current (of thirty of Duuiell's couples at least) is passing and 
wbich he has called galvano-ionic coniracUona or ahorteninga, this 
electro-physiological phenomenon, I say, is imaginary. I have 
never seen it produced in any of the numerous experiments which 
I have made publicly upon healthy men. (See page 179.) 

VIIL— It is true that reflex contractions are sometimes pro- 
duced in certain pathological couditioos; that we may see, for 
example, in paralytic contractions of the muscles supplied by the 
median nerve, consecutive to cerebral haemorrhage, the hand open, 
tbe wrist and fore-arm become extended, during the pnssage of the 
continuous current tliryugh the nerve; but this phenomenon in 
no way confirms (he theory, imagined by Remak, of the soKialled 
galvauo-tonic contractions. In fact, in these morbid conditions 
the spinal cord, being in a state of extreme escitability, any 
emotion whatever, as well as the act of sneezing or yawning, is 
sufficient to provoke the same reRex contractions. 

The power to produce, in these morbid conditions, reflex spasms 
in the antagonists of tbe contracted muscles, is therefore a property 
common to many excitants ; and, consequently, the denomination 
of galvano -tonic, given to these spasms, caunot be justified, (ijee 
o, p^ 197). 

IX. — The hyposthenizing or paralyzing action (discovered by 
£ckhart) of continuous currents upon the nerve-trunks, may 
perhaps account for the therapeutic action which they sometimes 
exert on paralj-tic contractures, (^ee h, p. lilil). 

X. — Contrary to the assertion of Remak and his followers, con- 
tractures consecutive to cerebral hemorrhage are seldom cured or 
improved by continuous currents applied after Remak's manner ; 
because such contractures are nearly always (a fact which Remak 
ignores) symptomatic of secondary sclerosis of certain fibres of the 
cord. (See c, p, 19jl). 

XI. — Rheumatic contractures, and ascending contractures, after 
articular injury (an affection not hitherto described), can be better 
treated by energetic faradization of the antagonists of the con- 
tracted mnscles than by continuous currents. (See c and d, pp. 
201, 202). 

XII. — The atrophic paralysis consecutive to injuries of the 
nerves is, in general, less quickly and less completely cured by 
continuous currents (according to Remak's method) than by local- 
ized muscular faradization ; but the combination of both methods 
has appeared to me to yield the most sutisfiictory results in the 
treatment of these affectiuns. (See A, p. 193). 

The same statement will apply to lead-palsies; although. 



> ELECntlZATIUH. 

l-tPTOf^ling to Bemuk and some of his followers, they are not evoii 
l4RtK>vptible of amelioration by the influence of inductiuu currents. 

I (8*w B, 1^ IM). 

XIII. — It seems to me, however, to follow from some of my 

[ «[>friments that, in tlie affections referred t<i above (XJ. and SIl.), 
I combination of the two methods of electrization, applied alt«r- 

I Mtvly, produces the most prompt and most satisfactory results; 
Hid that, in any case in which localized faradization has failed, we 
bIiouM have recourae to reflex gulranization by continuous currents;. 
XIV. — The trial of the therapeutic actioo of reflex galvanization 
by continuous currents is indicated at an early ])eriod of those 
chronic affections of the nervous centres which anatomically form 
a great class of scleroses and atrophies of the structural elements 

I of the cord or of the medulla (progressive locomotor ataxy, 

I glosso-labio-laryngeal paralysis, scattered sclerosis). I am nnaUe 
to ariive at any conclusion from my own experiments with gal- 
vanism iu these lesions. (See^, p. 207). 

XV. — Localized galvanization by permanent continuous con- 
stant currents exerts a therapeutic influence, by virtue of its 
electrolytic action, which faradization is imable to replace (See 
v., p. 208). 

XVI. — An induction current passing from the anus to the month 
(operating by reflex action upon the spinal cord) — which has been 
charged with hastening, or even with occasioning death, when 
applied to the treatment of aspliyxia— re-establishes, on the con- 
trary, if it is applied in a slight degree, the respiration and the 
cardiac circulation, as perfectly as the continuous current adminis- 
tered iu the same manner. (See C, p. 130). 

XVII. — Cutaneous galvanization cannot be practised in any 
degree of intensity without producing alterations in the skin. It 
can neither equal nor supplement faradization of the skin, by 
which we can instantly produce an effL-ct on the sensibility, ranging 
frum a simple tingling to a paui greater than that which would be 
caused by burning, witliout producing the slightest organic change^ 
however prolonged the application. The therapeutic employment 
of cutaneous faradization is very frequently indicated; and has 
cured the most grave neuralgias and neiu-oses, among others, 
cases of angina pectoris, of asphyxia (see I., p. 134), and of disorder 
of the respiration and of the cardiac circulation. (tSce II., p. 137). 

BiBLIOOKAFHICAL InDEX. 
I have abstained in tliis chapter from entering info bisterical 
details of the numerous experimental electro- physiological re- 
searches upon the action of continuous currents traversing longi- 
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tadinally the nerves of iDftn, that liave been made from the lime 
of Galvani to our own Jay j because these details are to be fouud 
in special tretitifies, tind because I have not space even for an 
analysis of tliem. Moreover, I bave wished to phice before my 
readers, as far as jwssiblo, the resulbi of my own researches, and 
only to cit« those of others when I wished to be confirmed by 
them, or to refute them as being erroneous and in opposition to 
my own. I have already brought together, in a bibliographic 
note, and in cbi-onological order, the principal experimental and 
physiological researches upou the action of curi-ents traversing tlie 
nerves, ivhicli have been made from the time of Galvani to that of 
Matteueci (from 1791 to 1844). 

It still remains for me to luenlion, in cbronologiciil order, the 
most important subsequent works which have treated of the same 
snbject, and especially those which have dealt with therapeutic 
questions:' — 

f^CBNKB, ' Lehrbiich des Qalvanismns and der Electrocbemie.' Leipdg, 1844 
AseON, ' Bspjiorto della comimGdune che bs btto gli epcTiineiiti euU' elettra- 

ponctiim come mezzo coogelaatu il eaugoe nellu actcrie e enll' obliterasiouo 

detle vase,' in Annali unireno/i <li JUediciiia, IS47. 
DuoHXSNB (de Boul<%ne). ' Be I'^lectrii^tioti locoliei^-e et de son applicatjon 

k la tb^rapeutique.' fst edit, Paris, 1855. ^d edititin, IH&L 
BuDKMUUca, 'Fhfs.-cbtim. Unt^rsucbmigei) Aos Blutea dacb die otectfiscbe 

Saule," in .Ve« mtd. Zcila,i>,. 1847. 
Do Bois-KsmoHD, ' UntecBuohungon iiber tliierische Eloctricitat' Berlin, 

1618-49. 
J*u,ABEBT, 'Exp^tinces sur I'^loctricit^ appliqu^ & la mtidocine.' Paris, 

1849. 
Gnu. (W.). 'On tbe Value of Electricity as a nemediol Agent,' in 'Guy's 

Uoepital Beinrts,' 1852. 
Baiebuchsb, ' Die Indui^ons-Electricitat.' Niimtierg, 1853. 
EcKEABo, * GmndzUge der Fhvsiolo^e des Kervcnsysteiiis.' Oioseen, 1854. — 

'Beitruge zur Anatomie una Physioiogie.' Giesstn, 1855. 
SoHULTZ, ' Die Belles wirkungen der Iiiductiune-Elt?ctricitiit als Hdlmittcl 

gegen Abnormitatcs der Menstruation,' in Hitner mtd. Wochcinc/iri/t, 185j. 
HfcOiKNHAis, ' PhyBioUif;. Studien." Berlin, 1856. 
Braus, ' Del)er metbodische Electrisining moloniBcher Ncrven.' Berlin, 

1855-56.—' Galvanotberopie der Nerien- und Muskclkraukbeiten.' Berlin, 

1858. 
FwjK, ' Die med. PhyBik,' Berlin, IftW. 
Erimuhh, ' Die ortJiche Anwendmif; der Electricitat in Bezug auf Physiologic, 

Patbologie nnd Therapie.' Leii'zig, 1856. 
TOEWMKN, ■ Die Electricitat in der Medizin.' Berlin, 1857. 
BBcqnsBXL, 'Traits dee opplicntions de I'^loctricitii k la tb^rapeutiqua' Paris, 

1857. 
Von WrmcH, ' Ueber den Einflnss des gaWaniscLen Stromes anf Eiwciss- 

lusungen und EiweiBsdiffusion,' in .lourn,/. prakt. Clirmie, Bd. Izxiii., 1857. 
BanEHruAi., ' Phjsikaliscbe und pbysiulogiscbe Bomerkungeu iiber Electro- 

tberapie." {DmUdie Klinik, 185S.) 

' Thifl tiitiliographiral index, as for as I jBCPDni,Nouii.Dirl.de Mfil.et dtChinirgie 
ntlatiB U) workH [lublttJuicl in UtiniDLny, pralu{tK. I'ariii, 1670, tain, zii., aiX. 
luM booa in grcot port [iiiulwl by M. | Elbctricitc. 
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EUNAITU} (Jules), ' Ilecherchea electro-physiologiques.' (Jotira. tie Physiol., 

IBfiH.) 
MOUTABD MiBTlN et LabdXAU, Ota. del HajiiUlux. ia."iP. 

Chauteau, ' Th^rie des cffeU pfayHJulc^iques prodait§ par I'^lectricit^' 

(./oarnxl rf- Phytio/.. t. ii., imd, t. iii,. 1^.) 
PpLroKH, ' Dntereuuhungen iiber die PIijHiologie dea Blectrotomes.' Berlin, 

1859. 
pAKo. ' Ftcsions de I'ut^niK.' ( Union mid.. 1859-) 
Dbboot, IMI. de rhfmp., I860. 
Teipibb, ' Manuel d'^leotrothfiraphio.' Paris, 1861. 
Bekkdikt, 'Die Resultate der elcctriBchen UuterBuchung und Behandlung.' 

Vion, 1861. — ' NerTapathol<%i3che Beobachtungen an GeisteBkrankcn,' etc., 

m Ardiiv filT Neilkvitiie, 186:.— 'Electrothempie.' Wien, 1868.— ' Deber 

die phjsiol. nnd pathol. Wiikungen dos conslanten Stromes.' ( Wiener med. 

Hallf, 1861.) 
Clbhehb, ' Die angewandtc Heileleotricitai,' in Ihutsclie Klinil.-, 1S60. 
Von Holsbeok, Amm/cs de I' Kh-trinte ruediaile. Brnielles, 1«G0-6'J. 
KiBTiAEOwsKT, ' IJelxir die Wirkunji dea conBtanten. und Induct ionsstrome* 

auf die Flimmorbewegung,' in Moleschott'e Urilfsuchung'.'n, 1866. 
Bteadelu, 'Sulla contnittilita olettrica e Tolontaria.' (Oa;. -mtd. Lombarda, 

1866.) 
Hebmann, 'Weitere I'utersuehuDgen zur PhyBiolfjgie der Muskeln mid 

Nerven.' Berlin, 1867. 
MmruB, 'BeitrageKurLehrevonderelectriBchenNervonroizunp." Zii rich, 1867. 
Alby, ' Die ReizuDg der quergestreiflen Muskelfaser durcii KeMenstroine,' in 

Archin/ar Anatumv; 1867. 
Syoiakkk, ' Ueber die Wirkung dea galvanisclien Stromesunf dfleGehororgan,' 

in Arch, far klin. jVrd., 1867. 
LAMABeKY, ' EtTogung motoniecher Nerven durch den kuTzdauerndea Strcon,' 

in Crfiilmmut firr wfd. WiNevi'-ha/t'^. 1*^67. 
Ebb, ' Debor electroUmische Eracheinungen am lebenden Menschcn.' (Arehiv 

filr kliniche Mfd.,' 1867.) 
Gabnadlt, 'Lejona ^ISiaentaircB d'eloctricit^.' Parie, 1866. 
WiMTEEBBBT, 'Dea couranta continna et de leur action but rorganiaraa' 

Thiee de Parie. 1866. 
Banke, ' Ueber die kraTnpfatillendo Wirkung des constanten Stromes.' {Zeit- 

echri/l fUr BMoffie, 1866.) 
Pooaiou, ' Snr le traiteinent deR maladies par I'^lectridt^ statiqne.' (£uH«<t» 

de PAcadem't de MAifciiie, 1866) 
SOHiTARBi, 'Frammentt di ctinica ellettrojatrica.' (Oaz. med. ital, di Lom- 

bardia, 1866.) 
Namiab, 'Sniprincipiregolatoridellecureelettriche.' (_Qioma!e Ten «(o, 1867.) 
Eao, ' G-alvanotlierapeutische Mittheiiungen.' (Arehin./ur klin. Med., 1867.) 
HiBZio, 'Ueber die Anwendung unpolarisirbaiw Elettrodeu in der Eleotro- 

therapie,' in Berliner klin. Wocliemrhri/t, 1867. 
EuLKNHneo, ' Ueber die elcctronisironden Wirknngen bei percutauer Anwen- 

dung des constanten Stromes.' (^Archiv fUr tlin. Med., 1867.) 
SKBLtHMtii.i.Kn. ■ Ueber Anwendung der Electricitflt bei Krankheiten.' (^Carro^ 
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RLliMKOItFFS CONST AXT-CIUKRENT BATTEKY. 



On the Poetable Cokbtaht-Ccbkent Battbuv of M. Ruhmkohfp. 

AL Buhmliorff mformed mc, a little tardily, that he had canstntctcd & 
portable coDBtant-euirent battery, with lijsulphate of mercury, or with 
fhloriile of silver. He Iiiib piacwJ at my disposal a portabla battery of 
bienlphate of mercnry (i:nrboD, zinc, and Rolution of bisnlphate of mercory), 
in order that I might test its merits. Ilaviiig done so, I have been able to 
jndge of its value, and to point oat certain imperfections, which this skilful 
nuifliuiician has applied hmneelf to remove nt my request 

Tlie portable Imtterj, thus modified, seema destined to bo of great service 
in the application of continnons currents; for which reason I have deter- 
mined to give & description of it in this note. 

The battery (see flg. 50) is encloped ui a hox, A, A', A", containing forty- 




small elements, the glass cells of which are placed in divisions at the 
ttiim of the box B, tiy which they are separated one from another. These 
fieions are aminged in sis rows of seven. The zinc and the carbon 
f eaich element ^, c, are fixed to a double movable platform, C, of hard 
valcanite, placed above the gla«s cells containing a solution of bisutphate of 
mercury, into which they can be lowered, more or less, at pleasure, by 
taming the milled head, b, which acts upon tiio pinions and racks, d, d", and 
g, y', which elevate or depress the double platform, and consequently the ziuo 
and carbon of every element, ^^''hen the battery te not in u.'^, the platform, 
C, is BO lifted as to take the elements entirely out of the solution. 

The following are the modifications that 1 have requested M. Euhmkorff to 
introduce into a tottery for my private use. 

1. In the battery sent me for experiment the carbons were cybndricol, nine 
centimetrea in height, and could lie immersed for five centimetres with 
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eiiteen raillimetres of Geotion. In tlie centre of each carboD was a cylmHci 
of Kiuc of tho same height, a cE'ntmietre and a half in diiimeter. This 
battery gave too great a quantity of electricity, in direct projiortioii to its 
extent of surfaeit. 

ItB electrolytic action wab such that, with forty-two elemonts immersed 
scarcely a centimetre, its rheo^^ores produced vesication of the sldn iu two 
or three minutes. I therefore requested M. Huluukorff to diminish the 
surface by two-thirds, and ho has done so by constructing the zinc and 
carbon as shown in the figure. They measure nine centimetres by eight 
millimotrea, and act only by the surfaces that are mutually opposed. I have 
also replaced the solution of bisulphate of mercury by a weak solution of the 
protosulphftte. 

As thus modified, the battery may bo used for all electro-phjsioIogicBl or 
therapeutic applications of continuous currents. It has also beeu rendered 
less heavy and Icfb costly by diminishing thu bulk of tho carbons. Tlie 
greater or less degree of immersion of the elements in the solution is obtained, 
as I have said, by ndtiing or lowering tho double platform C, To raise this 
platform, with the elements that are fSxed to it, it may he lifted more or less 
by the handli?, rn, and its descent is prevented by the catch, d", which folia 
betwe<!n tho teeth of the pmion, and which must be lifted in order to lower 
tho platform. The teeth of the pinion are so arranged that each one 
allows llie platform to descend a single millimetre. 

The mecTianism of the system of gradual iniroersion or emergence of the 
elements is assuredly simple and good, but it leaves something to be required 
with regard to tho exact grodnation of the electrolytic action of the battery. 
The indicator does not show precisely the degree of immenaon of the elements, 
except on the condition that the liiuid in the cells should stand always at 
the fame level. But, as the cells are not closed, the height of the liquid ie 
constantly diminished by evaporation. I have tliorefore had a line marked 
on the walls of the cells, to show the height at which the liquid should bo 
kept, and a tat^ opening made in the side or front of the box, and filled with 
glBfis, through which the height of the liquid may be seen. 

2. The battery ia divided into six rows, each composed of seven eleraenta. 
The screws of the first row, which fix the zinc and carbon to the plat- 
form C. are furnished with openings in which to place the conductors; so 
that the current may be increased or diminished by from one to seven elements. 

This gi'aduation is particularly applicable to delicate physiological experi- 
ments. The metaUie stem g' (gradimtor of the tension), which M, Gnhmkorff 
has added to the apparatus at my desire, is so constructed as to graduate the 
tension of the currents, without producing inlennifisionB, When it is pushed 
in the tension of tho battery is at its maximum, and as it is withdrawn the 
number of olemeuts is diminished by sevens, as sliown by the divisions 
marked upon the stem, without its being necessary to change the conductors 
fixed to the knobs n and p. 

■\Vhen tJic battery is exhausted, the platform C is entirely removed from the 
box by the handle m, and the cells ore refilled with fresh solution. For that 
purpose, water is poured into them to the level of the horizontal line already 
mentioned, and a single gnunme of protosulphate of mercury is added to each, 
by means of a little measure which is attached to the apparatus. This mani- 
pulation is easy, and can always be exactly done by the means indicated abora 

One of the principal advantages of this battery is the facility of gra- 
duating the d^ree of immersion of the elements ; or, in other words, of 
measuring the electrolytic action while preserving the force of the tendon. 
The possibility of obtaining from it a weaker or more powerful electrolytio 
action has the great advanlngo of rendering it equally applicable to cases fof ■ 
which the use of tho continuous current by reflex action is required, an ' ' 
those in which the surgeon nishes for electrolytie effects. 

In M. RuhmkorfTs chkmde of silver battery tho carbons are replaced by 
cylindrical stums of chloride of silver. 
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VALUE OF GALVANIC CDKRENTS IN MEDICINE. 



Several questions in regard to the theropentic a.vd diagnoHtio uses of the 
^iTUiic current have onl^ted the attention of laedical men in Etiglaod, to 
which Dr. Duchenne has only incidentally refurrod in the preceding 
ctuipt«r. Some of these questious were originated by Itemak; others refer 
to the effects of iut«rrupt«d currents of low tensioD in certain fomiB of 
pomlym. These qnestions haye be«a so abl; discnseed bj Zicnssen' in an 
examinatioQ of the therapeutic jisee of galvanio eurrcnts, that I have not 
hesitated, as the most instructive mode of dealing with the subject, to 
append a condensed translation of so much of his obserratioas as ma; serre 
for their elucidation.—//. T. 

ZIEMSSEN ON CERTAIN QUESTIONS WITH KEGAED TO THE 
VALUE OF GALVANIC CUBKENTS IN MEUICINB. 

With regard to the effects of the continnous current upon dJGeoaed 
moscles and nerves, and of certain indications for its use in therapeutics, it 
will be necessary first clearly to describe the facts that have been ascertained 
by competent observers; and, secondly, to point out the questions on wluoh 
further investigations are required. Manifestly for this purpose we must set 
forth from the fundamental doctciaes laid down by Semak from his own 
obeetvatious and experience. 

Bemak classifies the most conspicuous curative effects of the continuous 
current under the three following heads: — 

I. — Catalytic itelionn. 

Bemak calls those effects catalytic, or antiphlogistic, which are produced 
by the continuous current njion inflammatory conditions and their conae- 
qnenccs. He gives on analysis of this action, and calls it catalytic because 
" the action of the current where it meets with an abnormal ttate of tile 
tissues, produced either by failure of the blood circulation or by morbid 
fusion, is not limilod to an electrolysis in the narrow sense, that is, to a 
change in the tiEsaes analogous to a watery solution, but performs an 
important part, by dilatation of the blood vessels, in promoting circulation 
and absorption." 

The continuous current, according to Bemak, exerts this "catalytic" action 
in the following states : — 

1. In inflammatory conditions. 

2. In efiWons left behind by any of the foregoing inflammatory condi- 
tions; r. </. in watery effusion into a joint. 

3. In painful and inflammatory swellings. 

As regards the manner of proi'^eding, Bemak insists that it is necessary 
to proceed bum the assumption that a passage of fluids ocunrs front the posi- 
tive to the negative pole ; and hence, to place the negative electrode in onion 
with the inflamed spot, and the positive as near to it as possible. This direc- 
tion of the current should, however, bo reversed, when there is evidence of 
wal«nr exudation together with the inflammation. Since also the positive 
pole diminishes and the negative increases the excitability of the nerves, the 
operator must take heed to the character of the inflouunalion. and in erethis- 
mal conditions most place the positive pole, in torpid conditions the n^alivo 
pole, exclusively or alternately in union with the inflamed parts. The 
strength of the current must be moderate (about twenty elementsj, but the 
time of application considerable (at least several minutes). The benumbing 
of sensibility in the nerves affected by the currt^t may serve as a limit for the 
length of application. 
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Tlie ciperieuce of thoso obscrvera who liave tested Pemak's aSBertionB, bas 
been pimerally very favourable to the cntalyt.ic action of the electric current ; 
eepeciully in clironic glandular ewcllingB and tirm exudations into and aroimd 
joints. The obBerratioiiB hitherto published do not afford materials for judging 
whether a eokent or absorption-producing nction ie exerted in a higher 
degree, as Renak belicree, bj the continuous than b; the induced current. 

k 11.-^ Antupaslic actiont. 

Thene depend partly upon thiSj " that the cnrrent increases the power of 
ihe will over the mui<o1e« that are seized with spasm or tremor, or by its catS' 
lylie action removes tlie irritation by which sjiasiQ had been excited," and 
partly that ■ an increased escilahility of nerres or muscles, which appears to 
be a cause of local spasms, is diminished by a proper application of the 
current" 

Theee antispaetic actions, which Bemak professes to have observed, have 
justly excited among practitioners great doubts of the accuracy of his observa- 
tions; and are wholly unconfirmed by others. 

In the discourses, dehvercd in Paris liy Bemak in 1861, the antispastic 
actions are not generally mentioned ; but he speaks of " tranquilizing " actions 
in contractures and hypersasthesife. The latter, whether of inflammatory or 
simply of neuralgic origin, yield, according to Itemak, to the weak and pain- 
less currents of 15 — 25 elements, in itaiiiU application ; that is, with immoV' 
ably held electrodes, so that the magnetic needle of the galvonoscupe, the 
deviation of which need not eiceed W, may remain stationary. Tlie positive 
electrode, in the form of a loi^e plale, should be laid on tlie painful part ; the 
negative applied to any distant point of the surface. After Ihe current has 
been xiassing for from ten to fifteen minutes, the pain should be considerably 
diminished. The tranquilizing action should also l>c displayed by placing the 

C'tive electrode upon the nerve-trunk, the branches of which are distri- 
!d to the jtainful part, as far from this part as possible ; while the negative 
is placed on any distant point, and contact with the seat of pain is wholly 
avoided. 

For the treatment of contractures, Eemak found that inlermipsions of 

the continuous current were more efficacious than the 'stabile' action, and 

generally disposed to ascribe to intermissions a favourable operation. 

m. — AntipaTalyUo actions. 

These were observed by Eemak under the following conditions : — 
1, In fcecondary pareses and atrophies with or without contraction, remain- 
after articular and muscular rheumatism, or after false anchylosis. 
. In the first stages of primary muscular atrophy, even when pro- 

8. In traumatic paralysis, produced by contusion or stretching of nerves 
and muscles. 

4. In hemiplegia, M-ithin the hmits detemjincd by the nature of the 
central lesion. 

5. In paraplegia, and in certain forms of the so-called tabes dorsalis; 
according to the extent of the atrophy of the cord. 

6. In antesthcsia either as an independent disease or as a complicaticoi 
of motor paralysis. 

Subsequently, Remak has designated the antiporaljiJc influence of the cur- 
rent as an " exciting " and " revivifying " action. To obtain this ho employs 
both the " stabile " current (upp/ini(t'ondurou;an( en ifyi.s); and the so-calied 
"labile" (ajij-liailion da courimt en mouiwmenl). The latter he obtains by 
ghding the electrodes to and fro over the skin. It is manifest that, in these 
movements of the electrodes, the tenaion of the current cannot remain 
bat must undergo osciUationB, dependent upon the Tariations of 
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resistiuuK as the electrodes move their places on the snrfiBce. Remok at^ignR 
it as u difference between his 'labile' galvanic and the oommon induced 
currents that, in the latter, the fall of the current is from its maximum to 
mil ; but that, in the ' labile,' althongh the current certainly falls from its 
height, it still remains always considerably more tlmn uil. This distinction is 
illnsory. In the 'labile' application we con no longer speak of constAnt 
currents ; but only of continuous currents of irregularly oEcillatIng strength. 
After Rosenthal, Oppeoheiroer, Sinsteden, and others,, had confirmed my 
opinion up>on this point, llemok confessed himself to have been in error. 

Disregarding only these oliscuritios about the methods of galvanizing, 
Itemak'a doctrines, with regard to the an ti paralytic curative effects, contain 
yet many other points that justify considerable hesitation. This especially 
•pplies to the ctnlriprfal action of the currents, which Remak considers to 
be pcully due to a direct action on the brain and spinal cord, and to be 
best expb'cnble by an action on the vaso-raotor nerves ; partly to reflex action. 

With regard to the first, Bemak deals entirely in hypotheses of the boldest 
kind. He not only believes in producing a regulation of the circulation in 
the brain by galvanizing the plexuses or ganglia of the sympathetic {pre- 
ferably the superior cervical ^ngha); but also in diminishing, by the same 
procedure, the irritation of the cerebral substance around an apoplectic clot, 
and in hastening the absorption of the blood, so as to prevent the occurrence 
of contractions in the puralysed half of the body ; and this the more easily 
and certainly, the more recent the paralyKis. Remak's method, in such cases, 
consists in the 'labile' application of the electrodes over tbe cervical ganglia 
of the sympathetic, with the current of from 20 to 30 elements. 

Remak also believes that he has obtained a curative action upon the spinal 
cord, by the laliile application of a current from 20 to 30 elements in the 
neighbourhood of the solar plexus, and of the lumbar plexuses of the r^mpor 
thetic, in cases of ascending spinal paralysis, motor ataxy, hysterical para- 
plegia, and other disorderx of motion duo to changes in the spinal cord. 

Even in tbe most superlicial view, it excites suspicion to hear such pro- 
found anatomical lesions described as being generally cnrable; ospecislly 
when nu cbnical evidence is forthcoming. It must, moreover, appear highly 
improbable, a priori, that it is generally possible, by the method described, to 
produce excitation of the sympathetic ganglia and plexuses. The tension 
of an electric current entering the body, as soon as it has passed through 
the sldn, undergoes such rapid diminution, that muscles or nerves, separated 
from tbe Eurtace by a moderately thick layer of well conducting tissues (e. g., 
of muscle), are no longer acted upon, unless extremely powerful currents 
are employed. How much less is it to be expected that the comparatively 
feeble current of a battery of twenty or thirty elements, in labile appUca- 
tion, can be made to reach the superior cervical ganglion, or still more the 
cteliao plexus, with the tension necessary to produce any excitation. 

Bui, even assuming it to be proved, that a direct action of the current 
upon these nervous organs is possible, there stilt remains tbe larger qnes- 
ttos, whether excitation of the plexuses and ganglia of the sympathetic does 
actually have, or could have, the action upon the central organs that Remak 
professes to have observed. Of the functions of the ganglia, we know what 
amonnts to nothing; and of the cervical sympathetic we know that its 
division, in animals, or its paralysis from other couses, is followed by a dilata- 
tion of vessels and increase of temperature in the correspomling half of the 
face, and especially in the ear. Its irritation, on the contrary, produces 
rontraction of the vessels, diminution of the quantity of the blood and of 
temperature in the same soft parts. If, therefore, Remak obtains by gal- 
vanism a dilatation of the intra-cephalic and intraspinal bloodvessels, as he 
in various placea declares, this action must be considered evidence of a 
pauvlysiDg, not of an exciting, inHitence of the current.' Such a paralysing. 
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Duchenne upon the active ciiUlatioa of vefsels. 
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or, more correctly, conduction chocking or delaying influence, lias been now 
Bhown by physiologioal experiment to nttach to the positive pole. This is 
the state of andectrotoTiia. Brit in mankind only vain endeavoura to pro- 
duce the anelectrotonie eocdirioa Imve bpen made; and especially the 
experiments of Fick and myself in this direction have famished vrhollf 
nefsitive results. 

We see into what a chaos of hypotheses the dogmas of Itetnak condnct ns. 

Not less insecuic is the ground of bis statements upon the fialvanotonie 
reflex contro'iUims. These occur, according to him. through the intermedia- 
tion of the central organ; and during {peripheral excitation of a cerebro- 
spinal or fiympathetic nerve. In excitation of a motor nerve they do not 
occur in its own muscles, but either in tbeir antngomsts (e. g,, in the 
extensors of tlie forearm when the median nerve is excited), i/alvanotonie 
ant'Ufonitlic contraction ; or iu correeiMinding musoles of the Oijpoeito side 
of the body, cr"S!ed ijulranotonic contfcliutt ; or, lastly, through irritation of 
two points, on the opposite side of the body, remote from the muncles to ba 
excited (i/i/j/cjio rejltse amlraction). As the most im[«rtant point at which 
to undertake this irritation witli the positive pole, Romak mentions the 
auricalo-mastoid fossa, between the ascending ramus of the lower jaw, the 
auricle, and the mastoid process, at the height of the superior ccrviool 
ganglion. In a case, for example, of propreasive atrophy of the muscles of 
botii upper extremities, Reniak places a iiositive electrode, furnished with 
a knob at its extremity, on the spot above specified, on the right side, 
and completes the eirniit by a negative electrode with a larger surface of 
contact, placed on tlie left margin of the sixth dorsal vertebra. Then, the 
electrodes remaining stationary, with a current from thirty to thirty-six of 
Siemens' elements, a contraction will occur in the paralysed muscles of the 
hand on the left side ; or of the same muscles on the right side, when the 
positive electrode is placed in the left mastoid fossa, the negative remain- 
ing OS before. The latter, however, without diminution of the contraction 
in the hand, can lie moved down to the lumbar region; but the contrac- 
tion ceases as soon as the negative electrode is moved above the fifth dorsal 
vertebra, or above a horinonla! line passing through it' 

It would load na too far, to go more exactly into the details of this wholly 
unintelligible reflex contraction of liemak's. He himself admits that no ex- 
planation of it can be given in the jiresent state of our knowledge: since ho 
says that the facts stand opposed to the formulie of physics and of physiology, 
according to which the etfects are more energetic the nearer the electrodes 
to the part« influenced ; while here the contraction ceases as soon as both. 
electroues are above the level of the fifth dorsal vertebra. Eomsk snspects 
that he produces simultanooaa escitation of two distant sympathetic gangUo, 
sod that the excitation is conveyed from these to the spinal cord, and thence 
to the motor fibres of the same or of the opposite aide. 

Itemak describes the thcra)>cutic eifect of this diplegic central excifatiou 
as very considerable. The atrophied muscles, which no longer display any 
reaction to the direct influence of the constant current, not only contract, 
but swell out, and recover their lost strength. 

Hemak found, moreover, snch diplegic contractions in the muscles of the 
hands in some cases of arthritis nodosa, in its early febrile stage. In these 
oases the diplegic application produced a diminution of the |>ain and the 
articular swelling, increase in tlie circimafereuco of the mu.sclfs, dimini-hed 
quickness of the pulse, and decrease of temperature, SToreovcr the produc- 
tion of contractions was not always necessary, Without thi;m, a gentle, 
continued action was curative, when there were no profound lesions of the 
spina! cord, or of the sympathetic ganglia. The internal administration of 



I 




VALUK OF GALVASIC CURIIK.NTS IN MEDICINE. 223 

strychnia rendered the djplogic contractions more perceptible, where they 
were at first irnntin^;. 

It shonld not be Bit[>pa»cd that Remak has not actually witnessed those 
phenomena. In hysterical people — and of such he treated fireat uiiniberB — 
for more wonderful thinps occur. Il may be remarked, bnwever, tlial the 
obeerTations are at present wholly without corroboration from trustworthy 
pcrRons. 

The more dissatisfied we leave this region of obscure olieervations, ineofB- 
ciently founded diagnosis, and hypothetical exjilanatioaB of doubtful curative 
actions, the more contented shall wo be to return to the basis of facts, which, 
gained by means of sober inquiry, are already recognized as valuable scientific 
property. 

Tlmse observations refer to the clianges produced by the electric current 
in the irritability of {laralystd nerves and muscles with regard both to 
volition and to the electric slimulue. 

Between 1&I0-50, it was established by Duchenne, that induced currents 
L aapally quickly imjiroTed the excitabitity of enfeebled or completely ptiralysed 
fiBnscle8,when their electric contractility is retained or only Blightly enfeebled. 

At the same time Ite concluded that comjilete loss of electro-muscular 

Hilractility was n most unfavourable symptom with regard to paralysis in 

Keral; indicating long duration of the condition, tind great resistance to 
action of remodiE& In traumatic paralysis of mixed nerves, in which 
''total loss of eloctro-muscnlac contraclilitj was present, Diichenne declared 
the Rppliciition of indnced cnrrents to be useless during the first six to ten 
month)!, einte the nerve injurj- was not yet repaired. Afterwards benefit 
might lie expected from faradization, 

Duchenne sabeeqiicntly observed the remarkable ])hcnomcnon that ttte 
increase of excitability of motor nerves or muselee, prodnted by the induced 
flDrrcnt, was often only displayed in response to the stimulus of the will ; eo 
"ut therefore the motility returned while the absence of excitability by 
•dnoeil currents continued. In lead'pulsy, traumatje paralytds, and paralysiB 
of the facial nerve, Sucbenne found that mnscles might contract faultlessly 
in response to the will, and jwrform dosigQed movements, while they were 
perfectly insensitive to the excitatiim of induced current«. 

Theee &cta have since been frequently observed. Wo may now consider 
it established : — 1. That paralyses, a fecfiii^ the mme ner-cen or muKles,aait 
procffJinr/ from timilar lotion*, may display either a normal degree, a diminu- 
tion, or a complete loss of foradic contractility, 

2. That the increase of excitability by the will, produced by the ap])1ication 
of fnradic currents, oceuni quickly or immediately in the two first cases; 
slowly, or not at all, in the third. 

H. That the excitability of the paralysed nerves and muscles by the will, 
under the application of induced currents, completely returns, in many eases ; 
while the excitability by the induced current is stilt absent, and returns only 
jBubsequently to the former. 

Decent years have much enriched our knowledge upon this subject, by 
many interesting and practically important facts, gained by Ecmak's applica- 
tion of battery currents in paralysis. 

ficmok, in the course of liis experiments, come first to the conclusion that 

constant "labile" currents increased the irritability of motor and sensitive 

nerves both against the same currents and the induced, while at the same 

time the mechanical power of action was increased ; but that induced currents 

which certainly somewhat increased the irritability, diminished the power of 

nnsculor action. 

I Theee experiments were perfonued by Bemak preferentially upon disenoed 

Ifaat also upon healthy mnscles and nerrcfli. rnfortuuntely his accounts of the 

■fesnltsore ineuurt and confusing, by the stmnge style of description. I tliere- 

■Jne only extract what is for the prewnl miestjiin important; that, according 

Vto Itcmak, " the irritability of mnscles and nerves for indnced currents, and 

" V the cntmnee and exit of oonatant current*, remains, as a rule, uniform, eo 
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for as it CEtn be jridged of; but that, in eome healthy pereons, nnd i^ertaioljr 
more clearly in Bome paraljKed limbs, the irritability for one or the other kind 
of current uneqiuvocally preponderates." 

This diCference l>e(:wee!i the actiouB of induced and continuous currents, 
very generally stated by Eeniak, has since become the Hubjeot of numerona , 
and Bearching inquiries. 

The great and general resiiltof tijese inquiries ie the following. 
plelely parali/atd miucia and nerce« the eixitabiUty for batttry tiirreatt m • 
timet tetaineii or even iacreaied, whilt the txdUibitUy for indaced eurrtnti i* 1 
tompJelili/ lost, /n sueh rosea the curative oetfoK of the rontiauota rurrent u ■ 
superior to that of the itidured. With the return of motility the exvitabiXHy for 
bvth kinds of current eomtiunily c!ian</e». 

The first observation bearing upon these pointa was published by Baier- 
lacher, in the Iwginning of the year 1B59. To him, therefore, undoubtedly 
belongs the merit of havinp boon the first to notic^e this interesting ana 
importsnt fact. I give a brief abstract of the case. 

U. B., aged 28, workwiiman in & fattarj. came under trenlmeDt for poralylia nf J 
(me side of the fuon of light weeks' duration. Induced currents of great ct;eDgtb 
produced iinly the verr smallest aition. After three weelifl' use of the indneed 
currents there was no cDauge. A galianic rnrrent from fifteen ek'ments was then 
applied, and ptoduecd atnng cuutractiona in all the niiiHClee. After only three 
applications of the cuotinaniia current to the nerve-tninli and miiEc.lea onnBiderable 
improTement was manifeet, ami aH^r four luere spplirationa the paralyeia bod almoet 
entirety disappeared. 

There next appeared coram imi cations from Sehuiz, upon several c 
facial paralysis, in which induc«l currents produced no action on the par»- I 
lysed side. Schulz obtnineil, by testing with the continuous current, the 
following results. On the paralysed sides a current from eight Daniell's 
elements produced in all the muscles a. manifeet contraction at opening and 
elDstng. whether the direction of the current were ascending or descending, 
and although the same current on the sound side produced no contrEction. 
By increasing the number of elements up to twenty, contractions on the sound 
side were produced at opening and closing; but these contractions were much I 
exceeded fay those of the purolysed aide. I 

This condition changed during tlie course of treatment. The increased 
eicitftlnlity of tlie paralysed niuseleB to the continnons current gradually 
decreased, became more feeble from sittii^ to sitting, and at last disappeared 
entirely, as upon the healthy side, unless when the number of elemeota was 
gradnally increased. This diminution of the excitability for the continuous 
current is, according to Schulz, a result of treatment and a sign of imjirovQ- 
ment ; since the restoration of tbo excitability by the will proceeds with it 
pari pau". The earlier or later occurrence of this combination of sytDptoms 
affords tbo roost sure basis for a judgment with regard to the duration of the 
paralysis. The sooner the excitability by the continuous current diminishes 
the shorter will be the general duration of the paralysis, and vice veraS. With 
the disftppearanoe of the paralysis the excitability by induced currents 
returns, and liecomes the same hs that of the muscles on the healthy side. 

To these olservations by Schuiz may be apfwnded one by M. Meyer. 

The case was that of a woman forty-eight years old, with paralysis of the 
left side of the face, of fourlet-n days' duration. There was no trace of reacticoi 
to the induced current, but a strong contraction of the paralysed muscles was 

Sroduced by closing the circuit of a battery composed of six of Bunaen's cells. , 
nder the treatment by the continuous current, improvement occurred slowlf ' 
but still manifestly from sitting to sitting. 

This case {reported at great length by Ziemssen) acquired much interest, 
from the long time that it was under observation. While the bvanehos of the 
left facial nerve, and the muscles supplied by them, had completely lost, three j 
weeks after the commencement of the paralysis, their excitability either by I 
volition or by induced currentsj their excitability by eontinuouB currents w" ' 
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not only retoined, bnt by romraiison wHh the soood ride even beightened. 
From the tenth week the eicit^ulity by the oontiiinons enireDt, in alraost the 
whole territoiT of the facia) nerre, markedly diminiflhed, while the distortion 
of the countenance improved. In the twelfth week the naction to battery 
(■mreiitB wholly ceased, and in the foortcenth week not only was the normal 
paeitiun of the &ce quite restored, bnt the mastery of the will over the para- 
lysed muscles was regained. At the disehaige of the patient in the seven- 
teooth week the facial movements mi tlie left side were almost faultless, 
vMle the excitability for either induced or continuous currents wbi< wholly 
wjuiting. 

Twx> yeais later, with completely normal motility, the excitability (or 
electric currents was restored, and for both currents in the same proportion. 
Bat the excitability displayed on the right (sound side), and the seosihilily of 
the left, were both Ear below the normal. 

To this ixee Semasen has added another, also affecting the facial nerre, 
(which he also reports at length), and which was in many respects clearer and 
more transparent than the first, and is of especial ioiportiuir« with regard to 
the significance of many of the phenomena in question. It was a purely 
tranniatic fhcial paralysis, produced by a surreal operation, in which division 
of the facial nerve, immediately after its exit from the canal of Faflopius, 
could not be avoided. 

The details of this observation were unmistAkeable and convincing. The 
tmnk of the facial nerve was certainly completely divided. At the end of the 
third week after the division, the excitability of the motor nerves bv the will, 
by the induced current and by the galvanic current, was tost, onJ was only 
retained in a ionall degree in one branch for t)ie galvanic current. The 
paralysed muscles, on the contrary, had preserved their irritability to the 
continuous current, and responded to direct galTanizing l>y a. slow contraction 
wJiich, with a stronger corrent, passed into tetanus. The entrance eon- 
traction at closure of the circuit was lost, and the slow and continuing 
Mintraction, that Wondt and Fick had determined experimentally to bo due 
to the muscolor tissue mthout the agtnry nf nerve, was retained. 

M. Meyer found that those cases c^ facial paralysis in which the reaction to 
the interrupted current, althoogh diminished, was not wholly lost, showed tlie 
same diminution of reaction to the cimstant corrent also; and that such 
cases admitted of a favourable prognosis, inasmuch as they usually ended in 
recovery within a few weeks. Coses, on the contrary, m wliich, eight days 
after their commencement, no rcactjon was produced by the intermitting 
current, but in which a weaker battel? current produced active contiactions 
were of for leas favourable prognosiu, in «o far as their recovery was delayed 
for months, or remained always imperfect. 

Meyer supposed the sent of the cause of the paralysis in the latter cases to 
be in the trunk of the bcial nerve, within the petrous bone, and held that the 
muscular coDtractions produced by feeble battery currents were reflex, with 
the geniculate ganglion for their centre. Meyer sought the basis for this 
hypothesis in the spasmodic chaJacler of the contractions as opposed to their 
slower character on the healthy side, in the disproportionate measure of the 
contraction, and lastly in the fact that it is necessary gradually to add more 
elements in order to obtain a contraction, which allows of the ccraclnsion that 
the track is &ee. 

In respect of curative actios, Meyer recommends the current which pro- 
duces contractions with the least intensity as the best : that is, in the sUgntai 
cases, the intcrmpted; in the more sovero, the constant. Meyer saw eoB- 
troctiinna cured, not only by the applieatian of the induced, but also by the 
nse of the constant currents; but they were generally removed surprisingly 
quickly by the latter, oven after they had existed for years. 

Ziemssen next reports an important case of facial paralysis reported by 
" 1, and differing in many points from the fori^oing. 

tH— 
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neuralgia. aftemaitU by diiuiiiiuhcd ffi>iiaitiveDeeB to the electri? elritatiou. 
[larBlyBis of motiou was oompleto, tlie sense of taste was lost on the offerted si . _ 
tbu loDgiu), unil tho eoudition af the eoft palute was Dormal, Vrom the end of ' 
October to tbe'lth ofDc'ccinber the inducod currout was applied doily for half an 
hour without result. Nimmaim then hail recciurae to the coutinuous ourtaiit. which 
by tho 24th of January hod produced couBiderablu improvement. The induced 
cuiTCDt at first prodiieed do reartion, in whatever strength it was applied or wherever 
the electrodes were plaeed. With the hegirniiTig of the retom of volitional contral ( 
over the mnsclcti there appeared also a traee of reaction to faradism. This apfieared ■ 
only aa direct muscular excitation, and was much less nn ihe diseased than on thai 
healthy d'le. The ranlinuous currcDt, on the contrary, produced stronger contraction* '4 
on Uie diseased side than on tho healthy. By the application only of from six tc 
eight of eiemuns' elements contraction was produced on the former, bnt not with len 
tlwn from ten to twelve elements on tbe latter. On the healthy side, with haai 
fourteen to sixteen elements, reaction could be produced either by intro-masGular or 
eitra-moHcular excitation, while on the dircaiied side it was only prodaued by the 
direct method. 

In thiB case NeurQann instituted esperimentB calculated to afford a phyi 
explanation of the difference of action of the two cnrrents. He finds 
phyeical pcculiaritieB of the induced currents, as compared with continuoiM 
currents, to be in the rapid succewlon of currentB separated by iclervale, in 
their alternating direction, and in their momentajy individual duration. A 
fourth possibilify, thttt the strength of the eingle induced currentB may be 
somewhat lees tbim the strength of the continuous battery current, and that 
this may explnin the inefficaey of the former, may at once he set aside by the 
foregoing ; since a current from six of Siemens' elemcntB, when the human 
body is included within its circuit, produces a scarcely appreciable reaction, 
and induced currents from Buperimposed coils produce an unbearably strong 
reaction. 

In order to test the first throe points of difference, the hammer of an 
induction apparatus was secured ; and a cup of mercury, with wires dippng 
into it, arranged ao as to form part of the circuit of the induced current. By 
raising and again dipping the wires, completion and interruption indaclioii 
shocks were obtainea, ana it was found that neither the stronger interruption 
shock, nor the weaker completion shock, produced contractions on the paira- 
lyecd aide, although the completion shocks in the same experiment acted 
powerfully upon the sound side. Hence it appeared that neither the rapid 
succession of the individual induction shocks, nor their alternating direction, 
could be the cause of their inefficaey, and hence only their brief duration 
remains to be considered. The following experiment may serve for proof, 
Neumann reduced the duration of the battery current to the smallest appre- 
ciable time by introducing into the circuit a mechanism in which a fine 
platinum wire was drawn quickly over a little plate of wood in which a thin 
plate of platinum was inserted, with its edge level with the surface. Tha 
current only parsed whilst the wire and the plate of platinum were in contact, 
and the electrodes being first put in position, the circuit was thus completed. 
H« found that the strongest battery current was thus rendered almost 
ineffectual on the paralysed side, although on the eound side it produced 
active contraction. If one electrode was placed on the paralysed cheek, the 
other on the chin exactly in the median hue, and then a current from fifty 
elementswnsallowed to pass through the above described apjaratus, the para- 
lysed side shewed only a trace of contraction, while the sound side, although 
lying outside of the proper course of the current, was more strongly moved. 
The principal current acted with le^ power on the paralysed side than the 
eide current on the sound side, and Neumann has obeerved tho same thing 
with strong induction shocks in the some position of the electrodea. 

Neumann replies as follows to the question as to the nature of the phyBical. 
difference of the induced nad of tho battery cnrrents in their action tipoft 
paralysed nerves. The excitability of the paralysed nerves and muscles M 
against momentary currents— even when of considerable strength — is loet; 
but their excitability as agamst currents of greater than momentary dtmt- 
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tion, eren of a less degree of Btrcngtli, in retained, mid t 
incrmscd. 

Neiunaim has since obiwnred the name phenomena, in the nenres and 
ronscles of ftof^ after the death of the animal, as in the paralysed muscles of 
the taix. Befuru the total loss of excital>ility, be has Been u period of dimina- 
tion, often lasting tor aereral boiUH, during nliich the strongest induced 
currents of the slide api>aratns, with its cylinder jtusheai in, were ineffectual 
to excite contractions, while the completion and interruption of battery 
currents from four or six of Siemens' elements produced a marked reaction, 
both throogh tbe mot<w nerres, and in direct excitation of the muscles, 
Neomann applies to this phenomenon the above explanation; namely, that 
nnder the coDditicms present, a stronger raoraentaiT current produces a less 
eSect than the interruption and completion ofa weaker one of Icn^ duration; 
■nd he refers to the researches of von Bezold and Fick, accordmf; to whom, 
next to the osdllations of tenKJon, tho time during which the current passes 
at a constant height through nerve and muscle, forms an important factor of 
the stimnlatjoa. 

In succession to these observations of Neumann, Bruckner has instituted 
experiments on several patients suffering bam fati? atrophic pandysis, and 
lius continued Neumann's view. On the paralysed muscles an induced 
current had no action ; but a. battery current of twenty elements prvxiuced a 
cnntractioD at closing. Brlickncr observed that this contraction at cloeiDg 
did not take place immediately, as it docs in sound or only slightly paralysed 
muEdcs, but that a vet? Email period of time intervened ; also that in slow 
Buccession of completion and intermplion (from half to one second) the 
contractions were greater thou in quicker snocession (four or five in a 
second); that in changing the current bj the commutator, the contractions 
were yet more considerable than in slow interruptions and completions ; and, 
lastly, that in approxijiating instantaneous interruptions of a. CMttinaoos 
current, the contraction wholly ceased. Briickner tested these facts on tbe 
peroneal, cmral, sciatic and tibial nerves, in this manner. The current 
passed through a circuit completed by an electric key ; and this circuit, by 
means irf a Rh(#t gentle tap on the head of the key, was (^)ened and instantly 
closed again. During this momentary interraption, the contraction of tbe 
muscle remained unaltered ; but in a longer interruption it always became 
stronger. That an iaterruptiou actually took place, is rendered evident by 
Briickner's test experiments. With how many elements he worked on the 
indiriduol muscles and ocrves, and whether he went on to employ currents 
of considerable strength, are not stated. He concludes by saying tiiat, so far 
as any conclusion can bo drawn from bis few experiments, a certain tardiness 
of tho nerves with respect to the electrotonic state is not to be mistaken, 
since they require a longer duration of current in order to be brought into 
this state, and, when so brought, a longer interruption in order to lose it, and 
ID a momentary interruption they continue in it. 

For the last observations I>earjng upon this question we are indebted to A. 
Eulenbnig. Ho saw the case of a girl, twenty years M, who hod suffered for 
eight weeis' from complete facial paralysis of the right side, of rheumatic or 
traumatic origin. With normal cutaneous sensibiUty tho affected side had 
completely lost its excitability by intermitting currents, either intra- or extra- 
muscular, either with slow or rapid interruptions, or with changing the direc- 
tion of the current Paradi/^tion, and the subcutaneous injectioa of strych- 
nine, in the course of forty-one days, produced no alteration whatever. A 
galvanic current from eighteen defective DanieU's elements was then 
employed; this, although so weak that it produced no trace of effect upon 
the sound side, either motor or sensory, produced strong contractions on the 
tiiseased side, especially when both poles were placed upon the face. After 
seven sittings, the paralysis was decidedly improved, but the difference in the 
action of the two kinds of current was unaltered. After ninL-teen sittingn 
(from February 27 to March 17) the deformity was removed, and the power 
of voluntary movement was re8lore<l. Nuiwithtitnnding tliis, the reaction to 
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the two kinds of ciureat reraained unalterod from the first condition; find,. 
enpecifJly during the recovery, the susceptibility to the galvanic current did', 
not diminish, nor that to the induced current increase, afi might have been- 
expected from former obserrationfi. 

Eulenburg — who contests Meyer's doctrine, that the contractions obtained^ 
through the facial are of a leflui chamctoi — rightly places Btreas upon tba 
following points in his observations, as incompatible with that doctrma 1: 
The stationaiT character of tlto galvanic etimnlatiug effect. 2. The absence 
of any considerable irritation of the eenaitivo or sensory (special^ nervea. 
3. Tnut the controetione bod no spasmodic charactJBr. 4. That on localiziag 
the current in any muscle, this ana no other would react. 5. That slow inter* 
mission of very painful induced currents produced no contraction. 

Eulenburg thus pointsout a modified action of the current npon the &cial; 
since, in such a case, the abiding loss of sensibility to the inaaced current 
remains unexplained. He is inclined to suppose the esisteuce of different 
imecitic energies of the motor nerves, namely, for the galvanic, the faradic, and 
the volitional stimulus. He thinks it possible that, under certain unknown 
differences of molecular condition, one or other of these energies, or even two 
of them, may be wholly lost, without injury to the thirtL He recalls the 
hitherto little studied coses in which, while the motility remains intact, ihc 
galvanic and faradic iiritabilitiea are lost ; and also the occurrence of loss of 
sense of pain, and loss of sense of temperature in certain cerebral derange- 
ments, while the sense of tonch remains. 

All the preceding observations, given in abstract, with the exoeption of 
Briickner'K, refer solely to paralysis of the facial nerve; and Ziemsscn odds 
two more, which belong lo the same order with Briicfener's, and which prove 
that the difference in the excitability for the two kinds of current affects other 
nerves also, in the same way as the facial. The first of these observations has 
reference to a paralysis of the parts suppUed by the nlnar nerve ; the second, 
to paralysis of the parts snppUed by the radial, 

Ziemssen next cit*s two cases which afford proof that the control of tha 
will over paralysed muscles may be restored, without any restoration of tbeii 
excitabihty to either faradic or galvanic aUmulmt. He then attempts to 
classify the very numerous phenomena described in hia previons obser- 
Tations, and displayed in cases of perinhoral paralysis when the paralysed 
nerves and muscles are tested by induced and continuous currents, and obtains 
the following series : — 

L Paralysis in which the affected mnaclee and nerves have entirely lort 
their excitability, either for the will, or for both kinds of electrie current. — 

II. Paralysis in which the motility is partly retained or regained; while 
the affected muscles and their motor nerves are not susceptible of the iufio- 
ence of either kind of electric current — (Eulmburg, Ziemsn'.n.') 

m. Faralyais in which the motility is entirely lost; but in which tiiS 
excitability by both electric currents is not lost, aithongh much diminishod. 

IV. Faralyais in which the affected musclefi and nerves have entirely loot 
their excitability by the will, or by the induced cuiTent; while their axcit*- 
bility by the continuous current remains. 

In this class the preceding cases have disploycd the following phe- 
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(a.) During the absence of motility. 

1. The excitability for the continnons enrrent is increased ; so that ft 
battery currents, which produce no trace of effect upon the healthy h 
logons muscles, escit« the paralysed muscles to active contraction.— (iioi'i 
lac/ier, /icitule, Nrwrnann, Kulenberg, Zitmssm.') 

2. The excitability for the continuous current increases greatly daring 
treatment with it; rapidly attains its maximum, and then diminishes.— 
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3, The escitahiiitj for tlio contnmons current ih nut oIwrj'b stninltaneously 
eqtiaUj iuiTeasi-d in all branches or the puialjtied neryet). In the lese eicitablo 
mnKcles and nerves the excitahilit; incrcuies, and then diminishes, later than 
in those that were more eidUble at the first.— (^'ifniMcn.) 

i. The contractians of the paralysed muKcles, occasioned by battery 
cturents, do not occur with the Bomo preciBJon as in healthy muscles, Imt 
appear fwmewhat drawn out. — (^BriKkner, Zit-i'iKn.') 

a. The contractians are produced in many cases coily by direct excitation of 
the nraBclee; and not by excitation of the eorrespondiiig motor nerves. — 

(.Veumann, Zitmuen). 

(ft.) With the return of motility, 

6. The excitability by the continuous current is gmdimlly lost with the 
return of Toluntory movement; and the exdtability by ioiluced ourreuttt 
gradually retams at the same time. — (.'■■cAh/i, ZiemsKen.) 

7. The excitability by the continuona current is gradnally lost with the 
return of motility; but, in epitc of the complete refitoration of motility, 
the excitability by the induced current does not return. The excitability 
f(» tmth currents, first after the lapse of months or years, returns gradually 
and uniformly to its normal standard.— (^iVniuen.) 

8. The excitability by the tnduocd current does certainly return, but 
remainB lees than in the homulo^us muscles of the healthy side, and i» only 
maaifBrt od direct muscular excitation. The continuous current permanently 
moduces stronger contractions in the paralysed than in the homelogous 
healthy muscles, but also only by direct excitation. — (.Vrumunn.) 

9. The excitability by the continnoug current remains imdiminished; but 
the excitabiUty by the induced current (fw the present at least) does not 
retanj.— ( tu/enfiurj, Ztemacu.) 

y. From a therapeutic point of view, in peripheral paralysis (Rupposing it 
to be curable), that current is the moBt useful to which the muscles proservu 
Uieir lixcitability. Those paralyses, therefore, in which faradic contractility 
is wholly or in part retained, should be treated by induced currents; and 
thoee by galvanic currents in which the farodic contractility is lost, but the 
galvanic contract ihty retained. 

la a further examination o( the physical and [ihysiological qncstions arising 
ont of the phenomena described, Ziemssen tliinks (1), in accordance with 
Neumann, that the physical difference between the action of continuous uiil 
indueod correnta may be expressed as follows: — faralyscd nr.rra and muiela 
lott, under terlain drcutiulancrs, their eicilabilUy bj/ electric citrrmli o/fntmun- 
targ duration, r«n when tliese are applied in rapid lueceiiion atid of great 
ttretujth. IM the vlhrr hand, they retain their ejrilahilitg, iind it may even be 
intrdiufd abooe the normal for currents of longer durntion, evm n-lien t/ie lattrr 
jnueii very little i«ttnsity. (2.) Further, he cnncludea that in pcriphenLl 
puslysis, die disturbanoe of nutrition in the affected nerves affords the most 
onportant impulse for the genesis of the consecntiTe changes of excitabihty to 
the electric currents ; and from the cases cited he thinks there is a clinical 
btkais, especially from the testing with electric currents, to distinguish several 
degrees of lesion. 

FiB^(SuGHTE8T)l)EonEE.— Motility diminished or suspended. Excitabihty 
for intermittent anit constant currents normal. Inconsiderable disturtiancu 
of satrition, followed by speedy return of motiUty. The same phenomena 
u« present during the first week aftiT severe injuries, so long as degeneralicai 
has not yet occurred. 

Sbcosi) Oesrkb. — Uotility suspended, foradic and galtanie contractility 
diminished. SUght disturlmnce of nutrition, early return of motility, and 
improvement of the electro-muscular contractility under the employmeut 
of the induced current. 

TttutD DMonxB.— Motihty sUHjicnded. Gxcitabilily for tlie induced current 
loirt, for the eontinuoim current rclaintil both by nerve and muscle. Sevow 
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diBturboBue of nutrition, commonly folloired b; grndoal Iobb of galTUud 
irritability; but in whicli, in favoiirable cases, the motility, snd frequently 
also the feradic excitability, quickly return. The most efiectual tieatment 
is by continuous cuirents. 

FoiniTH Dbobkb. — The excitability of the nerves by volition, and by 
electric currents of both kindB, is lost ; but the irritability of the muscles fur 
the continuous current is retained. Complete d^eneration of the nerres ta 
their termiuations in muscle^;. Results of treatment by continuous current 
doubtfiiL 

FiFTH DBORBB.^For uervcs and muscles alike, the exeitabiljty for the 
will or for both kindR of electric current, is wholly lost Very severe di»- 
turbance of nutrition both in nerves and muselea I'rognosis unfavourable. 

It is Belf-cvidcnt, Ziemasen odds, that this diviaioa is only sopcrScial ; and 
no one can supixwe that a number of apparently poiadoxicol phenomena can 
receive their explanation in this manner. 

For the present, the different condition of the excitability for the will, and 
for the electric current in the third degreeofdisturbonco of nntrition, remains 
not understood; especially the complete return of the voUtional influence 
during the complete absence of excitability bj the electric current ; further, 
the opposite action of the two currents in the course of the paralysis, and 
the want of coincidence in tJie phenomena observed in the recorded cases. 
Possibly inequalities or differences may exist in the changes in the anatomical, 
physical, and chemical condition of the nerves, and may cause the various 
phenomena, nhile they themselves escape our perception. Possibly, also, as 
Eulenborg assumes, tlio motor nerves may posses separate energies for the 
different stimnlL 

Ziemssen also givcR the notes of a case which aSurds e^'idenee that the 
difference of cicitability for ^vnnic and induced ourrente, is displ^cd also 
in diptheritic paralysis of the velum, and that it affi)rdB as little gronnd (or 
nnbvourahle prc^nosis in these as in other muscles, since the paralysis was 
cured by galvanization in fourteen days. 

A like differcnco of reaction to the induced and galvanic carrents hsa 
been observed by my predetewior ot the National Hospital for the Paralysed 
and B()ileptic, Mr. J. Netten Radcliffe, and by Professor Hammond, of New 
York, m certain forms of infantile paralysis; and by Mr. J. N. Kadcliffe in 
other forms of local paralysis than those described by Ziemssea The thera- 
peutical effect of the interrupted galvanic current in the treatment of infactilo 
paralysis, as observed in the National Hospital and by Professor Hammond, 
will be discussed in the chapter devoted to this disease. The following 
remarkably interesting case of successful treatment of paralysis of the deltt^ 
is recorded from the pr.iedce of Mr. Badcliffe, in the 'lancet' fbr 1866 1 
(voL ii. p. 5Tfi> ' 

The patient was a blacksmith, aged 25 years. After several days' si „ 

from severe " rheumatic pains," so-called, in both shoulders, bat particularly 
in the loft, he lost suddenly, while working with an ordinary sized hammer 
one morning, the power of raising liis right arm. When first seen, five weeks 
after this occurred, the deltoid and infra-spinatus muscles of the right side 
wore found to be completely twralyscd, ana there was some wasting of the 
former muscle. The contractility of both muscles under the induced current 
was onnihilnted; tho electric sennihility was diminished over the infra- 
spinatus, and this form of sensibility, as well as the sensibility to heat, cold, 
tickling, and touch, were absolutely wanting in a triangular space (tfao apex 
pointing downwards) over the deltoid, measuring two inches and a-half at 
the base, and five inches from the base to tbe apex. Under powerful &ra- 
dization, seven times repeated at intervals of three days, not a trace of 
contraction could be encitcd in the paralysed muscles, and the wasting 
evidently increased. Electro-puncture was had recourse to several times, 
but a dubious action of some snperticial fihree was Ihe only result, Mr. 
RadeliSb tlien tried the interrnpted galvamc current. With tlurty-fivo cells 
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of « iBecker-Muirb^d Kiiutt, »}ikh pr;.l-j..>-.! »-> i-Brl i-?^ \:.- Sa.v- ■ » -. 
deltoid and in&k'^pdttrsj. » ri:Ait^J coctra^iMi <3f totb pualr*>i =:-:tH-'Ji» 
was cxdled : with fcrtj-tve eelb (•!» iDefiertire upon tfae bMllttf wudtMl 
an eanrfetie coBtnctiaa. Mr. Itxieltfc bmi thia tine nvd the Mhin^iit 
gfttraiic nirr^ *1<bb^ Qiiin wedlj, tad each time alnBt 1^ lOMdlH^ 
mitil it had been mtied thirtr tiiim. At tbecmdof tluapaiod.«n«Ktj>-tti« 
celk «ae l a qniw d lo {aodBM the amoaat ot amtaOiM facMily Mrm wj 
Inlartr-fit*; and oader tte fhU fcne a( the cnnait boa thajnMiTMfl 
of a tam Stofarer's iadaetioa ^ipHmtiu. ali^t catttBCtka «m puowJ 
m Uw dettoid. Tbe fsither wHtmg of tbe mosdeB ai^oual •!■> M in* 
ceMsd, thhoo^ thtrf did not giin in balk. ^_ 

At thB time ticstnnt VM saspendcd for two DKaths. tlw p^fiM* bite ^M 

coflipeHwd to kare town. In the interral, not onljt «■■ the Bttlt fnaM ^H 

vUeh hMlbeeagunedbf eketrieal tnatment lost, bnttbapanljwdMBKlM ^H 

had beoone man and bkoo meled, and it was iww clear thai the «na- ^1 

qnoatoB also ndfend. The wastiDp, indeed, wm to great, that of tha (Uluat 
bar^ a Glmj iajta at Skcea coold be pnsamed to ranan. Famliwrtka 
orer tbe alfected nnudee did not excite a trace of ooBtnHian, aad «iKtA>- 
ponetiiR jieUed <xiij doabtfal actioo. Bat again tfaa iittetni}ilcd jwl^aajg 
cninnt caused mart«d contnetion; and, panning the aame oowaa that ha 
bad done belan, Mr. Bailcliffe aeed daily for about a daaca tiaam tUt tatm 
of cnncait cnly. At tha end of the tireWe applicatJoaa, oo oonc Iha Ml 
fbfce of tbe cvmnH &om the primary coil of a large Stohnr'a indattioA 
apiiazatna; fli^tinct bat Bligbt controction uf the dvltoid and tufla Miaaf 
ueeiuiuL From diis period fitradlzatiuQ of tlie paialjaed BliwcMa VM 
penwted in four times in the weeL 

The hiBtorj of this casie was Dot completed in the aceonnt givaB hf th» 
'I^BOet' reporter. I am now able to give thti nsnlt. TIm alecltid nnaclM 
ateadily increased in bnlk. their electro-con tia*--lility imiifo»ed. and aniai- 
Mily tiD the electric cnrrent, touch, tickling, heat, and cold rriuriMd, and •! 
the Old of fbnj tuontbe, tlic patient was enabled to nae hix ri^hl anu ftwb, 
and retnm to his ordittaiy occupation. At thie time no diflitnuKV nMiU 
be djata^nished between the right and left deltoid, and voluBtery wadTol 
waa aa complete over tbe one moBcle as the other; but tlie •lectrMnotiUlr 
of the right mnacle Was not equal to that of the left. 
In the antumn of 1S69, this case came under my obaerratioB. IhiTta( Ika 
tl the man had followed his occupation, uauig with ftwdon vnm Uw 
But, about four weeke before placing hfmMlf v~' ""' 



again, he had begun to EuSer &om serere enatlo ntea iu tha ri|^ 
iBd fbreaini, and an inabitity to wield the hammw noalj. In bulk nf 

.__ and Tolnntary actkn, no differenro conld be dotnlod b*l«MB Uw 

Dgbt and left arms. The ri^t deltoid was a{)parently aa fuUy daretopHl aa 
the left Thae was do allentjon of eensiUlit; of any tern «t« the riyhl 
ant, and aB the muscia responded to an indiicMl camDl uf Mdtaan 
atROgth, an interrupted galTanic current producing no ennlnwUMi turtfl 
ita fccce wae laiaed to a point that it would art upon bodthy mnartMh Bvl 
Hm Boior eBaet prodnced on the right dcltiiid by indumi mmmta iif c^ual 
Micagth ««B Btoeb km than on the left Thi' oaac nnfortniiatdj «ia mm 
Jlg^^mtim bar times, and ita further history is unknowiL— 'i. T.J 
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CHAPTER IV. 

ELEOTBO-MEDIOAL INSTRUMENTS. WITH REGARD TO THEIR AP- 
PLICATION IN PHYeiOLOGY, IN PATHOLOGY, AND IN THEBA- 
PEUTIC8. 

The cboice of a good apparatus is of great importance in the 
practice of localized electrization. To what purpose, indeed, 
should we be skilful in the art, if the apparatus at our eommaud 
were unable to respond to the rt'quirementM of physiologieul, patho- 
logical, and therapeutical research ? 

I therefore purpose, in this chapter, first, to examine the pro- 
perties that should be possessed by electro-medical iustruineuts ; 
secondly, to describe the inatrmnents that I have myself contrived, 
and that apjiear to me to correspond with the progress of medical 
electricity ; thirdly, to examine whether the iustriimeuts in com- 
mon use possess the properties that are required. 

Part the First. 

the properties which infltruments shodi-d possess. 

§ I. Any faradic apparatus intended for medical practice, hut not 

possessing primaiy and secondary coils, or in which these coils 

are not constructed after certain proportions of thickness and 

length of wire, cannot fulfil oM t}ie requirements of therapeutics. 

The foregoing proposition ia but a deduction framed from the 
electro-physiological experiments, and the facta detailed in § I., 
p. 22 et seq., and which it would be superfluous to reproduce, or 
even to recapitulate. The proposition cannot be disputed unless 
the facts on which it rests can be disputed ; and these have been 
submitted to the test of prolonged and public experiment, have 
been sanctioned by many academic commissions, and have been 
iihecked and witnessed by a large numberof observers, both French 
and of other countries. They therefore form part of science, in 
spite of some ill-wishers, and of conduct that can only be explained 
by ignorance, or bad faith, or malevolcDce. 

I have defined the conditions under which I have worked, in 
order to obtain the electro-physiological result* tlmt I have de- 
scribed. I have stated what, upproximatively, should be the 
diameter and the length of wire of the two cails for double induc- 
tion, in order to endow them with the maximum of their differen- 
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I tial properties. It is evidently necessary that auy other experi- 

I menter should place himself under tlie same coudittoos of ex- 

periment, if he would judge correctly of the value of my electro- 
physiological researches and of tlie deductions drawn from them, 
or if he desires to apply them in practice. From this point of 
view, at least, electro-medical instrnments should be constructed 
m the manner that I have laid down. 



§ 11. The slow or nyitti intermissions of the electro-medical instnt- 
vwnts produce special physiological effects, and cannot replace 
one another in practice. 
In order to make clear the utility or the necessity, the iiicon- 
yeniences or the dangers, of faradic currents with iulermissions 
more or less slow or rapid, it is sufficient to describe the physio- 
logical phenomena that are produced under their influence ; 
and to frame from these, immediate practical deductions, which 
wdl be fully borne out by the facts stated in the course of this 
volume. 

1. Action of the Eapid Intermissions of Currents. 

A. — Upon dectro-muacviar contractility. — A muscle, which re- 
ceives th« stimulus of a single intermission of an induce<I current, 
contracts, but immediately falls back into complete reluxatioii. 
If this intermission be followed by many others, sufficiently near 
together, the muscular contractions follow one another; and the 
muscle becomes less completely relaxed between tho inter- 
miasions in proportion as they are less distant. It follows that 
the muscular fibres contmet more, the mure rapid is the induced 
current. 

It is necessary to guard against the supposition that a current 
of rapid intermissions causes more energetic contraction of muscle 
than a current of slow intermissions. Tliat such a belief would 
bo erroneous may be shown by the following experiment, if we 
apply a rapid and a slow current alternately to a paralysed nuiscJe, 
the irritability of which is undiminished, for example, to the 
flexor communis digitorum, and if we attacli a Height to the lingers 
moTtxl by the muscle, we shall see that the rapid current does not 
give the muscle power to sustain a heavier weight than it would 
' 1 under the influence of the slow current. If, under a rapid 
mt, the extent of the muscular contraction is increased, and 
ifore the movement of a finger is more extensive, this is 
1^ the fibres relaxing little or not at all during the brief 
, eacli encitatiou shortens them more lUid more. To 
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obtain a more energetic contmction, it is necessary to use a ctir- 
tent that is more inteuse. 

The miwcular shocks produced by the intermissions diminiali as 
the latter become more rapid ; and at a certain rate of speed the 
contraction appears to be continuous, as if it were produced phy- 
siologically by the nervous current, that is, by the will. For thifl 
it is necessary, however, that the rapi'lity should be extreme; 
since otherwise the resulting movements will resemble a kind of 
tremor. 

B. — Upon tnvscviar senstbility. — I have just sho\vn that the force 
of the muscular contraction is not augmented by increasing the 
rapidity of the intermissions. The case is different as regards 
the muscular sensation jtroduced ; for this is always augmented by 
increasing the rapidity. When a high <legree of sjieed is attained 
the eensation becomes very painful, almost tetanic, and is attended 
by crampp. 

C. — tJpon muaevlar iotUcity, — I have found by experience that 
currents of rapid intermission augment the tonic power of muscles, 
not only when this power is diminished, as we see it in certain 
conditions of disease, but also when the muscles are in their normal 
state. This special effect of rapid intermissions, when it is long 
continued, may even produce shortening ; and facts on which this 
statement rests will appear in subsequent pages. It will then be 
seen how I was led to observe this phenomenon, and also that, in 
order to produce it. the currents must be of extreme rapidity. 

D. — Upoti mttseular nulrition. — The nutrition of muscles some- 
times becomes very niucli increased under the influence of currents 
of rapid intermission. The causes of muscular atrophy or of atro- 
phic paralysis, in whicli I have compared the effects of ciUTents of 
slow and of rapid intermission, place this statement beyond doubt. 
However, it is necessary to use the latter with circumspection ; 
because, in certain morbid conditions, they may destroy the re- 
maining innervation of the muscles. 

'K, — Upon electro-cutaneous sensihilitij. — It is enough to es[)eri- 
meut upon one's self in order to be convinced that the electro- 
cutaneous excitation increases in direct projiortion to the rapidity 
of the current rather than in proportion to its intensity. 

To complete the account of the intluence of the rapid inter- 
missions of an electric current upon the sensibihty, 1 should add 
that, generally, every organ tlmt receives the nerves of animal lila 
is excited by any current, the more painfully the more rapid are 
its intermissions. 

Finally, the museJes <tf organic life — of the intestines, for examplaj 
— conlriiet more powerfully if the intermissions are more rapid. 
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IL Indications ahd CoimtA-iNDiCATiONS for Rapid 
Intermissions. 

A knowledge of the foregoing facts enables ns to foresee the 
namerous indications or contra-indications for rapid intermission 
of the currents ; and I proceed to set fortli what a long and daQy 
eiperienco has taught me upon this subject. 

A. — Gases in which (lie employmejit of rapid intermissions is in- 
dieatsd.—(a). The property possessed by rapid intermissions, of 
produciug artificial contractions which perfectly imitate voluntary 
movements, enables ns to employ them in the study of the iudivi- 
dual actions of muscles. But it tvill be seen that such researches 
reqnire the employment of an intermittent current of extreme 
rapidity, especially for the muscles of the face. The magneto- 
electric instruments, the intermissions of which are scarcely of 
sufficient rapidity to produce eontroctions without tremor of the 
muscles of the limbs and of the trunk, liave been insufficient for 
my researches upon those of the fuce. The constant quivering of 
the facial muscles, when excited by the currents from such instru- 
ments, I'orbid one to observe exactly the individual infiuenco of 
each one upon expression. 

(i). The study of the physiological action of slow and of rapid 
intermissions has shown that we can, by the aid of the former, 
act with more or less energy upon the contractility or the sensi- 
bility of muscle. For, since every electric excitation of a muscle 
necessarily produces at once a sensation and a contraction, we 
may diminish at pleasure the force of the contraction, and may 
increase the sensation, by combinining the current of the primary 
coil, the special action of which upon muscular sensibility is knonn, 
with rapid intermissions, or vice versa. 

The power of energetically arousing the muscular sensibility by 
the aid of rapid intermissions finds its most useful applications iu 
cases in which the moscles have lost their sensibility. 8uch coses, 
as I shall have occasion to show, are not infrequent ; and I sliall 
hereafter cite numerous examples. 

I have oft*jn found muscles which, whether deprived or not of 
the power of voluntary movement, were completely insensitive to 
the electric excitation ; so that I was able to produce very ener- 
getic contractions by the application of the most rapid currents, 
without the patients being conscious of them. The sidn covering 
such muscles was also in some cases insensitive ; but in others it 
retained its normal sensibility. 

~ atienta who are deprived only of the sensibility of the skin 
sthesia or analgesia) preserve their consciousness of the move- 
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^^^H ments which they execute or which are impressed upon Uiei'r limbs. 

^^^F They feel blows wliich aSect the deeper tissues ; and their feet, 

P when resting upon the ground, appear to tliem as if placed upon 

I a soft surface, such as that of a carpet. We also see them stamp 

^^^ apon the ground in walking, so as to feel it better. If they are at 

^^^ the same time deprived of the cutaneous, the muscular, and the 

^^^1 articular sensibility, and if the bones are also insensitive (a con- 

^^^P ditioQ tlie existence of which I have ascertained by electric excita- 

I tion of the osseous surfaces), they do not feel even the most violent 
blows, they have no consciousness of their movements, they cannot 

i_ maintain an upright posture, except by looking at the groiind which 

^^^^ tbey have ceased to feel; and, in bed, they are unconscious of 

^^^1 their limbs, unless they see them. 

^^ Cate X\TII.— I bare seen, in La Charity, a, patient completely aniestbetio 

and anai}geEic, who felt as if she weru suspended in the an* when she ceased 
to see the bed on which she was placed. This cause*! her continual teirors 
at the moment of tailing asleep ; for, not seeing the bed, she behaved hereelf 
in danger of fulling, and could not be re-as«nred until she had ascertained by 
sight that she was actually lyii^ upon a solid bod. 

The most intense induction currents are powerless against these 
profound lesions of sensibility, unless their intermissions succeed 
each other with great rapiility. The patient above referred to 
had BufTered from general insensibility for many weeks ; and was 
very tiuickly cured by currents of rapid intermission, the re-com- 
position of which was effected in the muscles, the nerves, and the 
bones. I should add that I had previously fiiradized her with 
slow intermissions, but with no benefit, the power of the instru- 
ment being at its maximum. 

It is especially in that common affection, cutaneous anaesthesia, 
that rapid intermissions are necessary in order to obtain the 
therapeutic influence of the induced currents; without them wo 
should fail nearly always, notwith-standing the use of the current 
of the second coil, graduated to the maximum. 

(c). I have employed, in therapeutics, the singular property 
possessed by rapid induced currentB of increasing the power of 
muscular tonicity, a force which never sleeps. It is this tonic 
force wliich, in the absence of voluntary contractions, forms the 
physit^omy, and maintains the natural attitudes of tlie limbs ; 
and which, if diminished or increased, will disarrange their ad- 
mirably combined mechanism, as happens in muscular pathology. 
This, indeed, shows us the correctness of these assertions ; we then 
see the muscles contract, or lose more or less of their tonic force ; 
they are springs which have either become tense or have relaxed 
themselves ; if I may be pardoned the use of a comparison that is 
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trivial, bvit accurate. The physiognomy then loses its stamp of 
individuality ; the limbs assume vicious attitudes. It is under 
such circumstances that, in order to re-establish the harmouy of 
the visual traits, or to correct certain deformities of the limbs, 
I have rendered tense, so to speak, these muscular sprioga, some- 
times by acting upon the relaxed muscles, sometimes by opposing 
artificial coHtraction of the antagonists to tlie contraction caused 
by disease ; in either case by means of induced currents of extreme 
rapidity. This new and very important snbject will be fully 
treated in a subsefinent portion of the volume. 

(d). Lastly, experience has shown me that the use of currents 
of rapid intermission is necessary in the treatment of certam 
forms of muscular atrophy, whether they may be complicated 
with paralysis or not. When, however, a muscle has in great part; 
undeiwone fatty, or granular, or granulo-fntty degeneration, and 
when there only remain a very small number of its fasciculi or 
6bres, I have observed that the rapid intermissions have hastened 
its destruction. 

B.— CondUiovs in which rapid intermissions are eonira-indlcafed. 

The utility and even the necessity of induction currents of rapid 
intermission has been perfectly established by the foregoing con- 
Biderations. Unfortunately, every medal has its reverse ; and the 
very properties of these rapid currents render their employment 
dangemna or difficult in certain cases. 

(a). There is a period at which cases of paralysis of ceiebral 
origin may be advantageously treated by local faradization; and 
it is when the primary lesion has disappeared or is diminished. 
The hsemorrhagic effusion, for instance, will be absorbed, entirely 
or in part, after tiie lapse of six months or a year. There will 
only bo left, in the brain, a cicatrix, or a cyst of small dimensions. 
The inQuencc of the brain is transmitted freely, or with diminished 
difficulty, to the muscles; but these no longer react to the in- 
fluence of voluntary excitation. In such a case, the paralysis may 
be considered as limited to the muscles ; and then localized fara- 
dization, as I have shown, will restore theit aptitude for motion. 
But how can we determine exactly the state of the brain ? It is 
never possible to say at once tliat there is not, around the cyst, 
me remnant of inflammatory action, unilergoing resolution, but 
tkich a spark may lekiudle into flame. We know that the 
searrencd of a cerebral lia?morrhage predisposes to a second, in 
iqoence of the pathological conditions which exist in the 
r system or the heart ; conditions which produce either 
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^^^^v> aiterkxderoBis, or miliary aneurisms, or pmbolism& We 
^^^^B aiao, that any excessive general excitement may reeoil upon the 
^^^H nerroos centres, and may produce accidents of the same bind. 
^^^m The employment of an apparatus villi rapid intermissions, and 
^^^H that acutely excites the sensibility, is therefore very dangerous in 
^^H the treatment of cerebral paralysis. Of tbi» fact I had melancholy 
^^^P proo& at the commencement of my researches. 
^^^1 It follows, consequently, that iu forms of paralysis of cerebral 

^^^1 origin it is necessary to be very circumspect in the use of localized 
^^^B faradization, and to avoid exciting too acutely the general sensi- 
^^^P bility, nnder pain of exposing the patient to serious mischances. 
I And, as we faiow, faradizatiou by rapid intermission does excite 

I the sensibihty acutely. 

L Because currents of rapid intermission might be dangerous or 

^^H inapplicable in the treatment of cerebral paralysis, it does not 
^^H follow that such cases ought not to be subjected to localized 
^^^P faradization. We must remember that it is possible to produce 
^^^ by fatadizatioD very energetic contractions, without causing any 
severe paiu, if only the intermissions are sufficiently far apart (one 
or tno in a second, for example). Practised thus, with slow inter- 
missions, the faradization exposes the patient to no danger, and 
may on the contrary oltcu be of great utility. 

Bapid muscular faradization is only required when the muscles 
have in various degrees lost their sensibility, or when their nutrition 
is endangered. But their sensibility is rarely affeeted in cases of 
cerebral jwralysis; and, as regards their nutrition, I shall show 
hereafter that the muscular fibre remains intact iu such cases. 
Wo cannot consider as a lesion of nutrition the wasting that some- 
times occurs, and that is due solely to prolonged inaction. 

(t). Even when the state of the nervous centres in no way contra- 
indicates the use of rapid intermissions, it is never a matter of 
indiffereuce whether faradization is practised with or without pain. 
There are patients who, either from want of courage, or from 
nervous excitability, cannot bear pain. Such, for example, are 
women and children. 

If, on the one hand, the power of currents of rapid intermissioQ 
to iucrease the tonic force of muscles, and frequently to occasion 
their contraction, is sometimes useful in therapeutics; yet, on the 
other hand, it may occasion great mischief. I shall show by 
examples, that when applied to the face it has produced, in 
some instances, contractions that have occasioned permanent 
deformity. 

(f). I<astly, there are a great number of instances in which we 
desire only the application of a very small number of isolated 
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intermisiUQiis ; as when we endeavour to excite tlie membrana 
tynipani, in the treatment of deafness. 

To sum up, such considerations show abundantly tliat faradiza- 
tion by rapid intermissioua has numerons useful appUfations in 
pbysiology and therapeutics; but tbat in ceiiain cases, when 
applied to the excitation of mu^les, it is attended by danjrew 
arising from the accidi^iits or the deronnities which it may occasion, 
and tbat then it may be advantageously replaced by currents of 
slow intennissiou. 

§ HI. — In a great nunAer of cases the apparal-ua iised for faradiza- 
tion cannot he too pou-erful. 

What should we un<ieretand by the power of an induction 
ap[>aratus? and how ebould this power be measured? 

An apparatus is powerful when it acts with energy upon the 
mn^ular contractility, upon the sensibility of the skin, of the 
muschf, of other subcutanpons orjians, and of tho retina; and 
when it is able to traverse a considerable thickness of tissue, so 
tliat its recom positions may occur in deeply seated orfrans. 

We are now anare, from the facts and considerations already 
set forth (Art. 111., Chap. L) that the different actions of induction 
currents that are applicable in practice are oidy found combined 
in an apparatus of double induction, the coils of which are eon- 
structod in certain proportions, and that the energy of these 
diflferent actions, s|fecially exerted, some by the first coil (the 
extra current), the others by the second coil (the induced current), 
are in direct ratio to tho length of the wires. It therefore follows 
that the power of an induction apparatus is necesaarily propor- 
tionate to its size and weiylit. Unfortunately we have as yet 
discovered no means of producing a powerful induction by means 
of a short length of copj)er wire. 

We may, however, be deceived by appearances if we judge of 
the jwwer of an apparatus by its size and weight alone, and without 
actually testing it. And, fur the latter purpose, the time has 
passed by at which it was aufficiint to take a rheophoro in each 
hand. It is necessary, if we wish to know the exact degree of 
power exerted upon tliis or that function, to direct and limit one 

r the other current of the apparatus upon its organ, and to 
with such t-xperimeuts in the mariner tbat I have already 
^d down. 

I now proceed to prove, by a few examples, tho truth of the 
tement which forms the beading to this Section, that in cerlaiu 
s the induction apparatus cannot be too powerlul. 
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5 IV. — Every apparatus for faradization should posaeM a means of 

ffradvaiinff the dose of electrietty exacthj, and proportionatelt/ to 

tlie dr^ee of eitcitahQUij of the organs; a degree tthieh wiii 

vary vith tlie stale of health and with the nature of Hie disease. 

The enusidi.- rat ions already set forth in the secoDd chupter, with 

regard to the special excitability of difforent organs, of the muscl^ 

of the nerves, and of different regions lA the skin,— on excitability 

Tarying with the state of health, anil with the nature of the disease, 

— these couside rat ions sliould sutBeu to show the impoiiance and 

the correctnt-sa of the proposition that is fonunlated above. 

How. indeed, wonid it be possible to limit tlie electric force 
to any given oi^an, uuleaa the apparatus were so constructed as to 
allow 118 to apjwrtion its proper dose to each ? I will make this 
more i-lear by examples. In the aormal condition, the cervix 
uteri, the bhidder, and the rectum, are but little sensitive, while, 
ou the other hand, the weakest currents act energetically upon 
the sensibility of the muscles of the face. Between the^e extremes 
there exist intermediate degrees proper to other oi^ans. To be 
convinced of this, we need only compare the differences of sensi- 
bility and contractility which exist between the muscles of the 
face themselves, although the least excritable of these muscles is 
infinitely more sensitive than those of other regions. We shall 
find that each facial muscle is endowed with a special degree of 
excitability, which requires an electric dose that cannot bo exceeded. 
if wti wish to obtain only partial contnicttun?, without the pro- 
duction of too acate pain. (I need not recur to this subject, after 
what I have already said in the second chapter upon the degrees 
of indivMuid escitability of the muscles of the face.) We shall 
uadeistatid the absolute necessity of giving to induction instru- 
ments a means of exact graduation, upon a sufficiently extended 
scale, il' wo bear in mind that the degree of excitability varies in 
each of the regions, and even in each of the [wints, of the face. 
Besides the differences in the excitability of organs, we must 
consider also the diSerences which exist in the anatomical state of 
the tissues ou which we act (the greater or less thickness of the 
skin, of the areolur adipose layer, and of the aponeuroses to he 
traversed, and of the muscular layer in which it is desired to 
localize the excitation),— an anatomical state that must he known 
in order to produce, with any certainty, the electric recompoeition 
at any stated depth. 

But the graduution ^'ill not he exact, unless there be an 
arithmetical proportion between the divisions of the graduator and 
(be progressive force of the apparatus. 
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Tlie graduation should be made upon a scale snfflciently extensivn 
to measure every dej^jree of intensity of the current, in proportion ttt 
the degree of excitability of every organ. 

It is, therefore, necessary that a faradie apparatus should admit 
of being rendered very powerful or very feelile, according to the 
indications to he fulfilled, and by the aid of an independent syBtem.- 
of graduation, calculated exactly to measure and to distribute 
either powerful or feeble currents. 

Lastly, it is necessary, in a volta-eleetric apparatus, that the 
initial force of the battery should always act with the same dej 
of intensity, or, at least, that its intensity should be known to the 
operator. But tbe battery which works a volta-fanidic apparatus 
will be more or less constant, accordingly as its acids are more or 
less concentrated, accordingly as it polarifies or exhausts itself 
more or less quickly, or accordingly as it becomes more or lew 
choked by imperfectly conducting crystallized salts. We may s 
that, with such variations in the initial force, the measurement of 
the electric doses becomes illnsory, and that hence it is impossible 
exactly to formulate the doses of electricity wMch may properly 
be administered to every organ. 

Such are the principal properties which should be found united 
in every faradie apparatus intended for electro-physiological or 
pathological study, or for therapeutical employment. There are 
yet others which it is very important to obtain. Thus, the instra- 
ments should be portable, easy of management, and moderate in 
price. But, as these conditions involve no acientiflc question, I 
have not thought it desirable to discuss them in this place, and 
shall return to tliem hereafter. Although secondary, they hare 
very great bearing ii]ion the practice of medical electricity. 

In the first edition I added to the account of the different proper- , 
ties of the several currents of the induction apparatus, a critical 
examination of the instruments then in use in meilical practice ; 
and showed that they did not combine the whole of the conditions 
necessary for localized faradization, or for the application of ihia 
kind of electricity to my electro- physiological researches; and 
that they did not fulfil the requirements of electro-therapeutics. 

This critical examination has borne its fruits. In fact, the 
utility of the employment of localized faradization in tiie study 
of muscular physiology and pathology, and the general diffusion of 
electric treatment, have produced great activity in the commercial 
manufacture of induction instruments. Hence it has followed, that 
physicists and manufacturers — the former to aid in the growth of I 
knowledge, the latter to obtain the patronage of physicians — have J 
;ilike striven to improve the instruments and to bring them to J 
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perfection. The namber of induction instrnmenta prodnced, and 
Tariously improved or modilied, has so increased, both in France 
aad in other countries, that to destrribe them would re<|uire me to 
eut«r into details which would carry me far beyond the limits I 
have 8et to my task. The laudable efiforts referred to have pro- 
duced some highly ingenious forms of apparatus. Unfortunately, 
the inventors have chiefly sought to diminish size and price, and 
have not always been sufBciently impressed with the importance 
of the moet recent requirementa of science and of therapeutics ; 
requirements arising from the method of localized faradization, 
and from the discovery of the several properties of the currents of 
the different coils. 

The critical ohgervationa that I made upon the instruments in 
general, were foundeil upon long experience of those which then 
were chiefly used. It seemed to me that the very severity of my 
criticism imposed upon me a new duty, — that of endeavouring to 
produce instruments that should be better. For this reason, I 
devoted myself with ardour to a new order of researches, in little 
harmoay with my habits, and which would even have been very 
irksome, if I had not possessed some aptitude and taste for 
mechanics, and if I had not kept constantly before my mind the 
realization of a single idea, — the localization of the electric force in 
organs, and its application to medical science. 

I therefore set myself to frequent workshops, in which I 
acquired many of the secrets of manufacture; and, after several 
trials, I was able to produce instruments made by my own hands, 
altbongh I ho-l previously never used a file or a hammer. From 
these models 1 have drawn the designs for the volta-faradic and 
magnet o-faradic instruments which have been skilfully manu- 
jactured by MM. Charriere and DeleuiL Smce then, they have 
undergone new and important modifications, all of which will be 
described in the next part of this chapter ; while, in a subsequent 
part, I sliall pass in review the instruments that are chiefly 
MBployed, and subject them to critical examination. 
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My double-current volta-faradic apparatus was, in its original form, 
somewhat complicated ; and it underwent the fate of every new 
mechanical contrivance. The number of its connections rendered 
a description difficult to uuderstaud, and, although the method of 
aetting it in action was very simple, occasioned frequent derange- 



meuts. The use of tliis primitive instrument having shown me a 
its fanlts, 1 was led to make successive important modi filial iow 
which have produced perfect simplicity of construction, and ha») 
oonsequently diminished the frequency of accidents capable i 
arresting the course or diminishiuy; the power of the ciirreot. 

Moreover, the modifiwl instrument presents a more 
system of gradimtion, and more varied methods of producing u 
iir lees rapid inter missiouH. 

In order better to explain the importance of the alterations, ] 
have represeuted the original instrument in fig, 51; and th( 



perfecti^il instruments in figs. 52 and 55. In the former, the coil* 
are concealed by a coveting ; in the latter, they are exposed 
riew. 

§ I. — Description, 
A. — Lanjt volt a- fa radio apparattis dosed {latest jiwdel.) 

The first model of the volta-faradic apparatus (fig. 51) * waa 
composed — 1, of a flat batteiy, O; 2, of two superposed coils; 3, 
(if a grtiduator formed by the external movable coil, which could 
be moved upon the intornid coil by means of the stem 11 ; 4, of 
magnetic rheomoter, V ; 5, of a toothed wheel, D, fixi>d to a little 
plate shut within the drawer U, and which, when required for use, 
could be lifted up, as in fig, 51 ; 6, of a trembler, A, 

The last model {figs. 52 and 55),' diflers from the fon?going, 1, by 
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&B sappression of the tootheil wheel 1), fig. 51, which is replaced 
by a pedal rbeotome Y, fig. 52, the mechanism of which will be 
explained hereafter, and which has rendered it possible to dispense 
with the numeroas connectione of the first instrument, and much 
to simplify the coDBtruition ; 2, by a graduation, acling by means 
of a tube of copper, B, which covers more or less of the two coils 
wliii-h afford the double induction ; 3, by the use of a tube, F, 
containing water, and called the moderator, which, in combination 
with the gradnator tubes, renders it possible to mfasure the smallest 
doses of electricity, as well as those that are larger ; 4, by the use of 
a commutator of the coils, E (fiir. 55). the use of which will be ex- 
plained; 5, and last, by a considerable modification of the batter^'. 
I proceed to the description of the apparatus as modified by 
these chnnges, and with reference to figures 52, 53, 54, 55, and 56, 
for illustrations of the several parts. 



LOCAUZED ELECTRIZATION. 

The apparatua is set in action by a battery composed of three 
pairs of elementfl. These are enclosed within t!ie drawers, TJ and 
U' (fig. 52). Tliere are two pairs in the upper drawer, and one in 
the lower (fig. 54.) 

Each pair is compos«i of a carbon plate, C C (fiff. 53), fisted to » 
cell 0^ hard caoutchouc, and of a zinc plate, ZZ', of the same 
surface as the carbon, and separated &om it by a cloth dia- 
phragm. 

The platinum ivirea which form the carixra contacts are arranged 
as in the small instrument (p. 207), while the zinc contacts differ 
in each of the pairs: — 1, in the lower drawer, U {fig. o2),a strip of 
iron, h (fig. 54), rivetted and soMered to the zinc Z, is bent 
upwards at a right angle at its anterior extremity, in such a way 
that, when the drawer i$ closed, the iron comes in contact with 
a small plate of platinum fixed in the front of the apparatua on a 
level with tlie knobL; 2, in the furtiier compartment of the upper 
drawer, the zinc Z (fig. 53) ia also prolonged by a strip of iron, b. 
This strip ia also bent upwards at a right angle at iis anterior 
extremity, and, when the drawer is closed, can be brought in 
contact with another small plate of platinum fixed in the front of 
the apparatus on a level with the knob G ; 3, lastly, the zinc Z' 
(fig. 53), of the pair in the front compartment of the upper drawer, 
rests on a platinum wire which winds over the posterior wull of the 
cell, and comes in contact with a double spring, a, fixt.-d to the 
partition of the drawer, which spring, in the farther compartment, 
rests by a platinized surface upon the carbon 0'. The leftrside 
drawer ia absent in the figure, in order to display the arrangement 
of the parts forming the two pairs. 

2. The two superposed coils forming tlie system of induction are 
composed of two copper wires, differing in diameter and in length, 
and covered with silk. 

The thicker and shorter of the two wires (half a millimetre in 
diameter, and 200 metres in length) is rolled around a bundle of 
soft iron wire, so as to form a coil. The extremities of tliis copper 
wire, which produces the current of the first coil (the extra- 
current of authors), terminate upon two small plates of platinum, 
fixed to the apparatus at the level of the knobs E, L (fig. 52), 
which are the positive and negative poles of the battery enclosed 
in the drawers U and U'. 

The finer and longer wire (one tenth of a millimetre in diameter) 
and 1000 metres in length) is rolled around the one preceding. It 
gives origin to the current of the second coil (current of the first 
order, of authors) ; its extremities terminate at the two springs of 
the commutator of the coils. 
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3. 'Hhe eommututor E, represented iu fig. 55, but not shown in 
fig. b'J, is intended to transmit, rapidly and alternately, the current 
either of tbe first or of the second coil to the eonductors attached 
to the knobs P and Q. It is unnecessary to describe it here ; and 
it is enough to say that, by turning the needle F (fig. 55) to the 
right or the left, it conducts one or the other current to the rheo- 
phores ; as, indeed, is shown upon a plate situated above the 
needle. 

4. The graduator B (fig. 52) is a cylinder of copper, which 
sarrounds the coils, and which has a scale marked upon its upper 
part. The knob B', fixed to its extremity, is a handle by which it 
lan be drawn out or pushed back. 

5. The mderator is a glass tube, F (fig. 52), terminating below 
in a metallic basis to nhieh is attached a knob, I, and above, in a 
collar, K, from which proceeds a hook, which serves to connect the 
moderator with one of the knobs, P, which receive the conductors 
to the rheophores, and in which the poles of the coils terminate. 
In the collar is a small opetiiog, traversed by tbe stem of the 
moderator J. Tbe tube is filled with water. 

G. The trembler is composed of a piece of soft iron, A (fig, 52), 
and of a platinized screw, S, against which the soft iron is pressed 
by a small spring. 

The pedal Y (fig. 52), which replaces the toothed wheel, D (fig. 
51), is to allow slow intermissions to be produced with the foot; 
ao arrangement which leaves the bands of the ojierator free, either 
to hold the rheophores or to graduate the currents. 

8. The magnetic rJieometer measures the intensity of the initial 
current. It is aeompass divided into four parts, of which each is 
enbdivided into ninety degrees. Tiie rheometer no longer forms 
part of the apparatus. 

B. — Large uncovered volta-/aradic aj^aratus. 
I have represented in fig. 55 an instrument which has its coils 
exposed. It diflers fr(»m tbe common form (fig- 52) iu the manner 
following : — 1. It has no external covering, so that we may see the 
arrangement of the coil A, and ihe movement oT the cylinder B 
over it. 2. It possesses two gniduator tubes ; one, B, which acts 
upon the second coil ; and another, C, which disables the primar}' 
coiL 3, its core of soft iron, D, is movable, and may be with- 
drawn (fig. 5(i), so that we may study the influences of the lubes 
B and C, independently of temporary magnetization. 4. Besides 
the commutator of the coils, E, it possesses a commutator of the 
poles, H, forming part of its structure, and by which tbe direction 
of the currents may be rapidly changed without displacing tlie 




rheopborea. Tbix commiitalur has also other advantages, which it 
is unneceaaary here to deBt-ribe. 5, Tho trembler (fig. 57) is so 
coiiBtnicted that the rapidity of the intermiasionB can be pto- 
greasively increased, from four or eight in the second, to an almost 
incalculable number in the same period of time. 

Tlio battery ia independent of the coil, and can be fixed to the 
latter Ly the hooks M M (fig. 55). It is formed as already de- 
scribed, but of four elements instead of three. The coil, like the 
former one, can be worked by any battery whatever," 

5 IL — Manner of setiing the apparahis in aeiion. 
1, Since ISfJl, as I have already stated, I have entirely aban- 
doned the use of sulphuric acid for my flat batteries ; and hare 
used only the bisulplmte of mercury. In order to charge the 
battery, water must be poured over tlie carboo until it is well 
saturated; we th^n spread over its surface the bisulphate of mer- 
cury, in sufiicieut quantity to form a layer about half a millimetre 
in thickness, anil we moisten this with a little water. We next 
place upoD the bisidphate the cloth diaphragm, first wetted witb- 
water, and oyer this the plate of amalgamated zinc, which then 
comes in contact with the platinum wires. Thua prepared, the 
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elemeiite are placed in the c«m part men te for which they are des- 
tined; ami which are distinguished by numbera marked on the 
ndes of the caoutchouc cells (see flga. 53 and 54). Lastly, the 
drawere must be shut (U U', fig. 52) uud the hntton A' turned in 
socIl a iDanuer that ita bar assumes a vertical direction and pre- 
vents them from opening. Tiie communications of the elements 
of the battery with each other, and with the <'ircuit of the jirimary 
coil, arc then established in the following manner. 

Tlie zinc of the pair of elements in the lower drawer, which is 
the negative pole of the battery, corre8[X)nds to the knob L (lij;- 
52), and the platinum contact of the carbon of this pair communi- 
calts with the spring of the piece of copper by which it is screwed 
to the knob N. But, as the knobs N and G are opposite the two 
small platinized plates that are seen on the right side of the front 
of tJie apparatus above the drawers U U', and as these two plates 
are connected by a copper wire, if we turn the knobs X and G 
Irom lolt to right into cuutact with the plates, they connect the 
carbon of the pair in the lower drawer with the zinc Z (tig, 53) of 
the torther pair of the upper drawer. Lastly, the carbon of the 
latter pair being plai-ed, as 1 have said already, in com muni cation 
with the zinc Z' of the front pair, by means of the double spring a, 
and the platinum wire of the carbon of this last pair being in 
contact, through a spring, with the knob E. liiis becomes the posi- 
tive pole of the battery. The small plates of platinum, which are 
fixed to the front of the apparatus ou the left, receive the ex- 
tremities of the wire of the primary coil ; so that, by turning 
the knobs E and L, which are the poles of the battery, Irom left 
to right into contact, the current of the battery passes through the 
wire of the primary coiL 

It therefore suffices to place in Iheir respective compartments 
the three pairs of elements, charged with bisulphate of mercury 
as described, to shut the drawers U and U' (fig, 52), to turn the 
knob L' from left to right (for a reason that will be declared here- 
after), and lastly, to turn into contact the knobs E, G, L, N, in 
order that the battery current may pass through the wire of 
the primary coil, or, in other words, that the circuit formed by the 
battery and the primary coil may he completed. 

The apparatus may be worked with only the two elements of 
the upper drawer U' (Hg. 52) ; when it will still possess very con- 
siderable i>nwer, and will fulfil the ordinary requirements of practice. 
We must then take care to turn the knob L' (iig. 52) from left to 
right intti contact, in order to suppress the elements of the lower 
drawer U, which may be used as a place for the rheopborea and 
ihe conductors. It is unnecessary to nay that when we wish to 
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use the three elements of the battery, for cases in which great 
porfer is required, the knob L' should be turoed back in the con- 
trary dirfiction. 

2. If it be desired to obtain rapid iiitermiesious of the trembler 
A (fig. 52), we turn from right to left the knob C which fixea the 
movable plate, and tlien turn from left to right tlie buttons E, G, 
L, N, so as to briug them into contact with the pieces of platinum 
to which they correspond. When this is done, the plate oscillates 
lapidly between the screw S and the temporary magnet of the 
central coil. 

If intermittenceB more or less separated from one another are 
desired, the arrangement is made as before, except that the button 
C is turned from left to right, so as to render the plate A of the 
trembler immovable, and the button L from left to right, 
separate it from its platinum connection. We then connect with 
this button one of the conductors fixed to one of the knobs, 1, of 
the pedal rheotome Y, and tho other conductor, from the knob 1' 
of the rheotome, is attached to the button L'. It is then only 
necessary to govern with the foot the spring contact 2 of the 
pedal rheotome, in order to make and break contact at pleasure, 
it is, therefore, perfectly easy to obtain intermissions separated by 
any desired interval. 

3. When the graduator B is entirely contained within the in- 
strument, the currents are at the minimum of intensity ; and, in 
order to increase them, it is only necessary to draw out this tute^ 
either by millimetres or by centimetres. 

4. The apparatus being in actiou, the conductors must be fixed 
to the knobs P and Q, to which, according to the indications to be 
fulfilled, we bring the current of either the primary or of the 
secondary coil, by turning to the right or the left the needle of 
the commutator. To the free extremities of the conductors are 
attached the rheophores, cylinders, metallic brnshes, &c. &e. 

5. If it be desired to faradize very excitable organs, or to 
measure infinitely weak doses, the upper part, K, of the moderator 
F must be connected witli one of the knobs P or Q, and one 
of the rheophores with the lower part of tho moderator I. Then, 
the more we draw up the stem J of the moderator, the greater 
will be the ihickneKs of the water traversed by the current, and 
the more the latter will be weakened. The current may then be 
divided and measured by the tube graduator B. 

6. In the intervals hetwoou faradizations, we interrupt the cur- 
rent by turning back the screw E, so as to preserve the force of 
the pile. At the same time, plates of hard caoutchouc must be 
placed between the cloth and the zinc, care being taken to wipe 
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the latter, if the apparatus will not l>e required again for some 
liours. It will be observed, after being wiped, that the zinc has 
become amalgamated by the actiou of the battery itself. 

A battery of sulphate of mercury, thus charged, will last for two 
or three weeks, and may be used for several hours a day, without 
any other care than to renew the moisture of the cloth, and to 
move a little, every day before use, the paste of mercury upon the 
carbon. It is also desirable to maintain the platinum connections 
in a state of cieanlinese. 

When the mercurial paste is quite decomposed (its colour, ori- 
ginally yellow, will then be green) the carbon and the t^lotb must 
be washed, and the battery charged witli fresh deiito-sulphate as 
before. If the battery belonging to the apparatus has undergone 
deterioration, or is in need of repair, the coil may be put in action 
by any other {either a Baniell's, a Bunsen's, or a sulphate of lead). 
It is only necessary to connect the poles of the substituted battery 
with the knobs E' and L' (fig. 52), which receive the terminations 
of the wire of the primary coil, 

§ III. — TJieonj of the aufhora vdta-faradic npparaias. 

If the battery be inclosed in the apporotus, with no interruption 
either by the pedal or the trembler, the battery current, which is 
transmitted by the buttons, L, E (fiji. 52), to the wire of the central 
bobbin, is continuous, and occasions none of the phenomena of 
induction, although it magnetises tlie central core of soft iron. 

In this state of things, if we set at liberty the plate A of the 
trembler, by turning back the screw C, that plate is attracted by 
the magnet of the bobbin. At the same instant, the current being 
interrupted, the magnetization ceases, the soft iron of the trembler 
is driven back against the platinum point of the screw S, by a 
spring, and restores the current, which produces a fresh magnetiza- 
tion. These temporary magnetizations, and these breaks in the 
current, succeed each other with extreme rapidity, in the covered 
(fig. 52) apparatus ; and w ith more or less rapidity, at the pleasure 
of the ojwrator, in the uncovered apparatus (fig. S5). Although 
the theory of the trembler is well known, it is desirable briefly to 
state it, in order to ex[i!aiu the meclianism of its several portions. 

At tlie moment when the current of the primary coil is inter- 
rupted, we may observe the physical and physiological phenomena 
that are produced by rirtue of two combined forces; namely, the 
inductive action of the current npoD itself, by the mutual influcutw 
of its Coils, and by the reciprocal influence of the current and of 
"jfat magiic-ti^ed soft iron of ttie bobbin. 
mtf the extremities of the fine wire, that forms the outer coil, aro 
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united by any condiictiug body, a current will be produced in thisl 
outer (.-oil, and will be displayed, at eacli interruption to the ( 
current of the primary coil, by tbe physical and physiological j 
effeols that will be developed in bodies placed within its circuit. 

For au account ol' the theory of the graduation by the metallic ] 
tube B, fice fuHher, § IV., C. 

5 IV. — lUitjxmtion of ilu! jrrincijial properties of my lanje doulile- 
current volla faradic apparutzis, mid of Ike principles which have , 
gmded vii ill its coiistrtuition. 

A.— The Coils. 

The two coils of tbe volta-electric iijiparatus, just described, 
possess the maximum of their differential physiological properties, 
by Tirtue of the proportions of lenj;th and thickness that I have 
giveu to tiieir respective wires — proportions that I have learnt by 
experience are the best for this purpose. 

I have laid down that the power of the coils ought to be very 
considerable under certain circumstances, and experience, or ^ 
rather the requirements of therapeutics, have compelled me to 
increase this power more and more. For this reason, the lengtli 
of my coils, which was at iirKt but eight centimetres, has now been 
nearly doubled, aud the length of their wires has been increased in 
proportion (to 1000 metres for the fine, and 200 metres for tbe 
coarse wire}- It wcmld be easy to go beyond the power thus 
given, but I have not at present seen that it would be useful, and 
it would perhaps be imprudent. 

•Such an increase of strength has necessarily increased the weight 
of the instrument represeuted in figs. 52 and 55; but without 
rendering its bulk more considerable. 
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ii. — The comtmdator oj the coils. 
my original instruments, the ends of the wire of each 



coil termiDatcd iu the metallic knobs (two below for tbo primary 
coil, and two above for the secondary eoil) to ishich the conductors 
for the rlieophores were affixed. It was therefore necessary to 
change the attachment of these conductors every time that it was 
wished to change the coil. Such an arrangement rendered certain 
esi>eriraents difficult, aud was very inconvenient in practice. It ig 
much more easy to compare the differential properties of the 
eurrentii of the two coils when we can pass rapidly from on« to 
tbe other; aud it often hupptna that it is desirable to employ them, 
by turns, lor the same palieut. Nothing is more tiresome than to 
have to change, each moment, the attachment of the conductors, 
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and to do so wa^fc* a Ponsi4eraMe ftmniinf of lime, rpon snph 
coQsii I orations is foanded tHe usefulness of the ooinmotnlor of tlie 
coils. 

C. — Graduation of ike indwvd curretiU. 

AUhongh, as 1 bave sIiuwd, a very powfrful ajiijamtus is iii-ces- 
BMj" for the treatment of oertain disisisi'B, yet siioli iiii apparatus 
vroold be uiifitted for physiological and pntliologioal iiivestigalioua, 
and wtiold even become dangerous, unless we were able to api>or- 
liou electricity to every single organ in acconiance witli iUa degtw^ 
of excitability that it may possess. 

We owe to Dr. Rognetta a method of graduation which he 
api'lied to the electro-dynamic apparatus of MM, Breton, ^rJ-rw, 
uud which permits us to control exacily the dose of el(«ttic oxcitn- 
tion. It is effected by pushing iu or drawing nut Iho control coil 
within the external one, so as to produce induction in a greuler or 
less number of the turns of the latter 1 had aduptt<d this mt'thod 
of graduation for my first volta-electric apparatus (fig. fil), pn^- 
senteil to the Acaleiny of Sciences in 18l7, with the single differ- 
ence that I made the external reel movable, while the internal one 
was fixed to receive the system of the trembler.' I soon discovcmd, 
however, tliat this method of grafluation wna not fri'c from incon- 
veniences; for the movable coil necessitated the cinpinymcnt of 
movable connections, which were frequently out of onler, which 
cumpHcated the manufacture of the ingtriimeijt, and cither dimin- 
ished, by oxydation, the intensity of the currents, or even iater- 
ceptei] tlieir ]iassage. 

A fortunate accident led me to discover a miians of graduiitiuii 
much more simple, and which I applied to my instrumimtH with- 
out delay, instead of the method by the mutual influence of th" 
coils. I made this impurtant discovery in the following maimer : — 

At the beginning of my investigations, I had <;overed a jHiwerful 
coil with copper in order to protect the wire. To my grcnl sur- 
prise, I fonnd that the coil had lost nearly all itH ]H(wcr. I 
ohserved also, that, in removing the covering, the Dior*' lh« coil 
was exposed the mon; its current incnrased. 'Hie fact wrm a niy 
of light: for, from that moment, the method of graduation by thi< 
metallic tube was disiMivered. I found, nft^tr Nufflo cxfieriineuN, 
that the last hall' of the tube measured the intensity of the rurrcnl 
118 exactly as the first ; and that the current ineremtBcl or dimin- 
ished, as the tube was rejdaced or withdrawn, in exactly aritlimi^ 
Uc«l proitoriioii. 
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A second accident led me to the discovery that a slit tube lost 
its influence upon the current o( the coil that it enclosed. The 
metal cap of the little instrument, mentioned above, was too tight 
to glide easily over the coil, and I split it down its entire length. 
I found that it no longer graduated the currents I paid no atten- 
tion to this phenomenon, whicli I attributed solely to the vicinity 
of the metallic plate ; hut I soldered to one of the extremities of 
the tube a very fine copper wire, which reunited its edges, and its 
properties were immediately almost entirely restored. 

1 made several other experiments, from which I found that, the 
greater the distance between the coil and the walls of the tube, 
thus mended by the wire, the less was the influence of the latter, 
I concluded that, in order to obtain a maximum of diminution 
by the metallic tube, it must be aa nearly as possible in contact 
with the coil. 

The external tube, however, did not completely neutraliBe the 
induced currents ; and, indeed, wlien it covered the coil entirely, 
the latter still possessed a very notable force, such that, if the 
instrument was one of great power, this force would still be very 
considerable. It was a matter of necessity to graduate this 
remaiuing force, on which the external cylinder exerted no 
action. 

It then occurred to me to try the effect of a second tube of 
copper, made to slide in the interior of the coil, and covering or 
uncovering the bundle of soft iron wire. The excess of induction 
current which had not been neutralised by the exferaal tube was 
considerably diminished, in this experiment, by the influence of 
the internal tube; and, when I withdrew the latter slowly, I felt 
the power of the current increase in proportion. To discover which 
of the two tubes exerted the greatest neutralizing influence, I used 
them alternately, and compared their effects u]M>n the power of in- 
duction. I found that the inner tul>e diminished, much more than 
the outer one, the physiological powers of tlie t'urrcnts of both the 
primary and the secondary coil. It might have been exiiected that 
when the inner tube was once completely inserted, the outer tub© 
woidd no longer influence the induced current ; but this was not so, 
for I found that the considerable power possessed by the current 
when the internal tube was in aitu, was very sensibly diminished, in 
proportion as the external tube was pushed over the coil. 

In all these experiments I had nbt observed that the magnetiza- 
tion of the bundle of iron wire forming the core of the coil had 
been diminished in pruportion to the diminution of the physio- 
logical power of the induced currents. Thus, a compass being 
placed at a given distance from the extremity of tlie coil, in such 
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a manner that the asis of the latter was perpeiidicnlar to the mag- 
netic meridiau, the needle was seen to make a considerable devia- 
tion at the moment wheu the core became magnetic as the circuit 
was closed. It underwent no further movement, not even the 
slightest oscillation, when tlie cylinders were pushed home, either 
t<^tlier or alternately. This experiment proFcd that, if tlie 
magnetization was at all diminished by the action of tbe coveriog 
inbes, the diminution was, at most, extremely slight. Keither coold 
1 discover any diminution of magnetism by testing the power of 
the electro- magnet to carry diStrent weights, when the coil was 
under or exempt from the influence of the tubes. It was only by 
the more or less rapid and noisy vibrations of tbe trembler, and by 
the diminished brilliance of the passing spark, tiiat I conld deter- 
mine that the magnetization of the central iron core waa really 
diminished by the tubes. This influence is extremely small on 
tbe part of the external tube, by which the noise of the trembler is 
Tery little diminished, even «hen the coil is entirely covered ; but 
the internal tube, on the contrary, diminishes the magnetization 
Hofficiently to impede tbe motion of the trembler, and to slacken 
the rapidity of it^ beats. 

Since 1 have shown that the copper tubes, placed within or with- 
oat the coil, influence so feebly the magnetization of the soft iron 
at its centre, it follows tliat their neutralizing power must be 
exerted directly upon the induced currents. This view, in fact, is 
fully confirmed by experience ; and its accuracy may easily be 
shown by repealing the foregoing exi)eriments with a coil from 
which the central core has been withdrawn. We may then see 
that the tubes act upon the induced currents precisely as when the 
core is in its place ; that is to say, they neutralise them precisely 
in proportion as they are pushed onwards into or over the coiL It 
is not only the pSiyriiological power of the current that is then 
diminished, but also the brilliancy of tbe sparks produced by the 
intermissions, that is, by tbe calorific action of the current. 
Evidently also, in this instance, the tension of the induced current 
is diminished, as may be shown by various experiments, and, 
amongst others, by the thickness of the layer of water through 
which it will pass, and of which it will overcome more or leas of tbe 
resistance, according to tbe position of the tubes. (It is unneces- 
sary to Sfiy that, from the fact of the absence of the central core, 
the intensity of the currents to be graduated by the tubes is much 
less great.) 

Each of the tubes exerts a special influence upon the current 
) which it is nearest ; thus, when the central coil is deprived of 

I Boft iron core, tlie action of the inner tube is very powerful 
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ufjim its currtnl, but is scarcely appreciable upon that of the 
sccoud coil. Tbe outer tube, on the contrary, atiia cbit'fly nu the 
currents of the second coil. Tiiia experiment alJbnls an explana- 
tion of tbe difference in the influence exerted by tbi? two tubes 
upon the rapidity and energy of the beats of the trembler. We 
can understand that, the uiagnelization of the iron (.-ore being 
produced by the current of the first coil, this mugnetizatioQ inuxt 
be more enfeebled by the inuer tube, which acts specially upon that 
current, than by the outer tube, of which the influence upon the 
primary current is almost nil. I shall hereafter point out the im- 
portance of knowledge of this phenomenon. 

The a]iparatus with a double graduator tube, and with a double 
movable iron core (fig. 55) will serve to repeat the whole of theeo 
experiments. 

If it be desired to study tlie influence of the outer tube B upon 
the currents, tlie inner tube C is drawn completely out from the 
coil, as in fig. 55. The outer tube is similarly drawn off when it 
is desired to experiment only with the inner one. 

A very simple mechanisju sufiTices to niiito the two tubes so 
that they move together, and cover or uncover simultaneoualy 
the internal and external surfaces of the coil. It follows that the 
induction currents are then more completely neutralised than 
when tbe tubes act separately. Lastly, the iron core itself being 
movable, it is easy to experiment on the action of the tubes 
alternately or simultaneously, either with or without the aasisfance 
of the magnetic force. 

To recapitulate : 1. A tube of copper, sometimes called a diar 
phrugm, placed ju the interior, or at tbe exterior, of a reel, formed 
of a primary and of a secondary superposed coil, and within which 
there is no core of soft iron, neutralises the currents in proportloD 
as it covers more and more of the spirals, aud operates as a closed 
conductor. 2. The extenial lube acts specially upon the current 
of tbe second coil, while the internal tube affects principally that 
of the primary coil. 3. The tubes diminish in the same degree 
the intensity of the currents of the primary and secondary coils, 
when moving together in the same direction, as when acting separ- 
ately. 4. The presence of a core of soft iron within the reel in no 
way modifies the power of the tubes to neutralise tbe intensity of 
the currents; for if, on the one hand, the magnetic influence of the 
iron upon the coils augments this intensity, on the other they 
neutralise it proportionately, and as well as when the iron core is 
absent. 5. The magnetization of the iron core is very little 
diniiuished when the tubes cover the coils ; from which we may 
conclude that the tubes act directly U[>on the currents of the coils, . 
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as is also proved by tlie esperimcnts related above, and that it is 
Dot a dimiiiution of the magiielization of the core that puts a. 
check upon induction.' 

These fects being completely CBtablished, I proceed next to their 
. application. I Lave no necessity to enter into the moat recent 
discoveries, in order to display the advantages of the application of 
metallic tubes as graduators. It is enough to mention them, in 
onier to render intelligible their utility and importance in the 
practjoe of localized faradization. Tlie doubki graduation by the 
^Mjble internal and external metallic cylinders is certainly prefer- 
abJe to graduation by one alone, since the neutralization of the 
cnrreuts is mom complete when the tubes move together, and 
when they cover the coils successively one can use at pleasure a 
8cal« for graduation of double extent. 

D . — Moderator. 

The graduator tube does not completely destroy the current 

upon wliich it acts, so that the scale produced by graduation does 

' Frii>r to the poblitMtioD of the im- 
pnrlaot wnrk, Traill /U CiTleftrieit^ IhAi- 
rique rl a/'ptiqu^e, in wLieh M. de la 
Bive L)u Bi;t forth the sUlc of the Ecicoce 
withmuehlpnmin);»nilltifiditj, Iwas Dot 
Bwara tliut HeiT Dove, a phvsicist of great 
merit, and pivf^aam of nieteorolog; at 
Berlin, had jnatitalnl, in 1842, roararehea 
into the ivfloeiiae extrtod by a copper 
tnbc plated within a ouil, unJ contoinitia; 
kbandleofrodaofKiftiroD. 1 bi>lieTe<C 
when I laid before the Acndemj' of 
Hedi<UDe the inTeatigutiooB which fonu 
the mbjefl of Uiia chapter, that I was the ' 
tint who La.1 itudied the influence of 
metallic tubes upon the phfiiomoDU of in- 
dncljon. 1 truat 1 may be forgiven for 
mj ignoTBure about this prnut in thi^ 
hisbor? of diacover; in phTRics, when I < 
repeat that I am nut a ptivsicutt. Mor^ 
over, the physidMs who hare witnesn-d 
mjr labdurs, and whom 1 have oonsulti-d 
upon the point, have supported me In my 
belief. After having i^d in the Ireatise 
of H. De la Bive an account of the rc- 
■rMCbes of HelT Dnve upon tho influcnee 
ct metallic mMBCfl introduced into a coil, . 
and having made myaolf acquaintiil with 
the original work of Dove, I do not dow 
think it reijuisile to moJiCf tbe terms in 
which I deacribed mi own results iu a 
memoir addrceted. in ISSl, to tbe Aca- 
demy of Medidne. 1. Indted, Herr Dove 
hoB not atDdied the influenced exerted bjr 
metallic tubes upon coils ta the inieHor of 
■rbcfc Ikm it no ran. 2. If it bo true 
thai this experimenter diacovered lliat n 
metallic iubc. introduced into tbe axis uf < 



a coil, and conlalniug a aae of aoft iron, 
diminidhed tbe force of induction, it is 
incontestable thiit ho never said that the 
influence nf the tube incrrftsed in direct 
ratio to its advance within the coil : and, 
if he had been aware of this, be would 
doubtleas have iilainly stated it, on ac- 
ooun t of the practiosl iliiporlanceDf the B>ct 

3. Uerr Dove bus not tried the elTecl 
of an eitemaJ metallic tube, covering 
the cunent of the aecondarj coil; ana, 
in conae^inenoe, has not eom pared the 
diiTerent action eierteii by nn inner and 
an outer tube, either upon the currenlB or 
upon the inagnetizulion of tbe iron core. 

4. L&itlr, this celebrated pbjsicist appears 
not to liave arrived at the same reanlls 
with myself, in the experiments whieb lio 
has made with msgnoto-faradic instm- 
mt-nta : for, according to him. <m <io not 
«re the inlrtuity of the induad furreal 
dimiaithed {^ infrodun'ni/ a metaUio 
cyiindfr tnlAta Iht ittdm^ion eoil, and 
oprr tke hitndle of iron icire* in iU iijiu, 
tcAm we magnetUe Ihtte icires by tht 
apunach of a ntagnet, iHateoJ of by a 
nJlaic cUTTtni eircuiatiiuj in Iht BoiL My 
own experiments have convinced me that 
melatlic tnbes neuD&lise the currvnta of 
tlio primary and secondary cuils of mag- 
ncto-faradio instruments, when they cover 
their reels, just as c«npleU>ly aa tliej do 
Ihc currents of volla-farodie instmmenta. 
In the luoceeding Pait will be «el forth a 
demonstration of the facts, applied to tNe 
graduation of my inagne<tu-fikradic uppur- 
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not commence at zero. The feeble current whicb remains is 

insignificant, when applied to the mnacles of the trunk or of the 
limbs. But it is no longer so when used for deliojite operations, as 
for faradization of the facial muscles, or of the raembrana tympani, 
and for thesQ I use the water moderator already described. After 
having diminished the intensity of the current, it becomes possible, 
by making this weakened current pass through a stratum of water 
more or less tliick, to divide it still further into infinitely feeble 
doses. Tfie combination of graduator and moderator has even 
enabled mo to measure the degree of excitability of each of the 
muscles of the frog. 

E. — Magnetie R}teometer. 

The graduator tube divides into exact dosps the current given 
by either the primary or the secondary coil ; but it does not 
measure the force of the initial current, — a force that is liable to 
variation from numerous causes, and tliat therefore produces in- 
evitable differences in the force of the induction. To endeavour 
to apportion the electricity by the aid of the graduator alone, 
seems to be as absurd as to wei<ih medicines in an accurate balance, 
but with false weights. 

I employ a very simple means by which to measure the power 
of the initial current, and the procedure also indicates the degree 
of magnetization of the soft iron of the core. The action of that 
magnetization upon a magnetic needle forms the basis of mj 
rheometer. The soft iron is differently magnetised at its extremi- 
ties, according to the direction of the current. Let us suppose 
that the extremity nearest the rheometer becomes the nortli pole. 
The needle, placed as already described, will be made to deviate 
from the magnetic meridian by the attraction between its sonth 
pole and the luagnetised core, and as tlie magnetization of the 
core ia directly as the intensity of the initial current, the degree of 
deviation of the needle furnishes an index of both. 

I employ the rheometer to measure the force of the initial 
current, and to keep it nearly at the same degree, 'i'he cansea 
which may weaken a pile are so various that no form of pile can 
be called really and absolutely constant. The rheometer, there- 
fore, not only measures the initial force, but renders it possible 
always to operate under the same conditions. The combined 
action of the rheometer and the graduator enables us to administer 
electric excitation in precise doses. It seems sufficient to enunciate 
this proposition, and uunecessary to enter at large into considera- 
tions which show that, although the graduator alone measures 
nothing, yet its combination with the rheometer aEForda all the 
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«HiditioQs of exactitnde necessary to fonualate thp physiological 
and therapentjc applications of electricity. 

F. — Pedal lilieoiome and TrenMer. 

As I have shown at the commencement of the chapter, the 
interiDittences during famdizutiuu sliould bo few or frequent, slow 
or quick, according to the physiological or therapeutical indication 
that is to be fulfilled. Any ap[)aratus that dora not proride for 
this requirement is incomplete, and may even be dangerous. In 
order to meet all wants, 1 have adapted to my instniments two 
Tarieties of rheotome, — the pedal and the trembler, I have also 
described already (page 123, fig. 40) a rheotome that I have 
contrived in order to avoid the alternations of an induced current, 
and to render it either centrii>etal or centrifugal. 

(o). Pedal, \\ith the pedal (Y, tig. 52} the operator obtains, at 
pleasure, intermissions of greater or less rapidity. 

For this purpose, I was for a long time in the habit of employing 
a toothed wheel attached to the instrument (D. fig, 51), but to 
turn this wheel occupied the hand wliich should be reserved 
to control the graduator, the moderator, tiie commutators of the 
coils and poles, &c. For this reason, I have long abandoned 
the wheel in favour of the pedal ; more especially as the former 
cotnplicnted the apparatus, and sometimes became a cause of its 
deterioration. 

I attach little value, as a rule, to any system of intermittenee 
that cannot ite regulated in accordance with the requirements of 
experimentation or of treatment. I have made several small 
mechanical rheotomes, in which the motor power was furnished by 
clock-work, which would maiutain more or less rapid inti^rmissions 
for a considerable time. Experience soon taught me that such 
movements could not replace those that were subject to the will of 
tlie operator. Notwithstanding the convenience of the mechanical 
rheotomee, I returned to the toothed wheel, and eventually to the 
pedal. 

On occasions where great precision was required, I have, how- 
erer, employed a clock to which a rheotome was adapted, so as to 
give exactly, at pleasure, one, two, three, or four intermissions per 
seamd.' 

(fc). TreniHer. — However rapid we may be able to render the 
intermissions by means of the toothed wheel or the pedal, they yet 
never reach the speed given by the trembler, — a speed such that 



' ThU ihpotnme, fitted U> an olcctrir I lupting the ci 
clock, was mode hj M. A. Halhioii. The Doine. 
auM effect tiaa been produced bj inter- { 
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the moBoalar eontractiou which it produces appears to be con- 
tinnoua. The special properties of this vtiry rapid movement, and 
the energetic influence that it exerts upon sensibility, have induced 
rae to adopt it as a valuable resource in the investigatiou of 
certain electro-physiological phenomena, and in the treatment 
of certain dynamic lesions. But the necessary mechanism cannot 
always replace the toothed wheel or the pedal, because it may, in 
some cases, produce even serious accidents. I hold, therefore, that 
every instrument should bo furnished with both a pedal and a 
trembler. 

The common forms of trembler — all of which I have studied — bo 
often become out of order, and, so to speak, stop so capriciously, 
that "it would be necessary to abandon their application ti> in- 
duction instruments, if these imperfections could not be overcome. 
It has often occurred to me, witii certain instruments, to be unable 
to proceed with an experiment, or a therapeutical application, on 
account of the stopping or the irregular action of the trembler, — 
an apparent caprice, the cause of which I could not immediately 
discover. 

By increasing the power of the magnetization of the soft iron of 
the core, and of the movable piece of iron which produces the 
intermissions, and by rendering the vibration more simple and 
easy by a proper adjustment of the force of the spring to the 
weight of the movable iron, I have now so well regulated the 
action of the trembler that it never fails, in my instruments, if- 
the power of the pile be sufficient. 

Treml.ilera may be made with or without vibrations. Tha 
tremblers with vibrations are those which, between the inter- 
missions, undergo rapid recoils or rebounds, which render faradiz^ 
tion very unpleasant. 

The more painful sensation produced by the trembler with 
vibrations renders certain experiments on the muscles more 
difficult, even when only a moderate dose is employed. Thift' 
trembler, however, may be very useful in cases in which it is 
desired to excite sensibility and nutrition very acutely. 

I have contrived a trembler of \vliich the beats may be quickened 
or retarded at pleasure, so that it may give as lew as four inter- 
misaions in a second, or an incalculable number, passing through 
all intermediate degrees of rapidity. I have adapted this trembler 
to my uncovered instrument (fig. 56). 

Fig. 57 offers a front view of tiiis apptiratus, showing thi 
trembhr. One of the extremitiea of the wire of the primary ooi! 
communicates with the knob E, the other with the screw C. Ti 
movable piece ol" copper, ,^, which is pressed Iwck by a spring; 
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placed in front of it against the screw C, cummunicatcs with the 

knob F. As soon as the knobs E and F are plncecl in cointnunica- 

tiOD with the poles of n pile, the 

current passes through the wire of 

the primary coil, and magnetises 

it6 core of soft iron, which attracts 

the movable piece of soft iron G. 

This draws witli it the piece of 

copper A, which was resting against 

thescrewC Asolutionofcontinuity 

is prodaeed, demagnetising the core, 

iind causing the return of A to C. 

The carrent is then re-established, 

and the same order of events con- 

tJnae<<. 

So far it will be seen that the 
trembler differs but little from thai 
of the ia^trument represented in fig. fig st.— frwn Tiu» of o.- moi^troj 
52, from which, however, it is dis- 
tinguished by tiie following modifications. The movable soft 
iron. G (tig. 57), is sufficiently remote from the core to have a 
much longer distance to travel when attracted by the tempurary 
magnetization of the latter. Id this condition it will bent only 
four times in a second; but, by groduidly turning the screw C 
from right to left, the distance is progressively dimiuished, and 
consequently the rapidity of movement of the trembler can be 
prc^essively increased at the pleasure of the operator, who is able, 
by this simple means, to regulate the speed according to the effect 
that be desires to obtain. In order tiiat the magnetic force may 
exert its attraction wlien tlie distance is at the greatest, it is 
necessary to iucretise the bulk of tlie movable soft iron. For this 
purpose, I have attachel to the latter an additional bar of soft iron, 
fourteen centimetres in lengtli, and which extends over the surface 
of the end of the coil, as shown in fig. 57. The magnetizatiim oF 
the plate G by the iroa of the core is then considerably increased, 
since the plate forms but one mass with the piece added to it. 
When the screw C is tightened, the spring which presses the piece 
A against it is suRicieutiy tense to cause the intermissions to occur 
without sihriilious ; bnt. when the spring is relased by loosening 
the screw, each beat or intermission is followed by a vibration, the 
iq>ecial action of which upon the sensibility I have mentioned 
above. These vibrations are such, when the spring is completely 
relaxed, that even the slowest action of the trembler (four inters 
millions per second) produces muscular contractions that are 
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painfal, although infrequent. These slow intermiiwioDS with 
vibraliou are highly useful wheu it is tiesired to act at ouce upon 
the contractility and the Bensibility or the nutrition of ronscles, 
and when a current willi rapii intermissions cannot be borne by 
the patient. For example, when rapid intermissions produce 
cramps, and therefore cannot be used, I replace them by slow 
intermissions with vibration, which, without being attended by 
inconvenience, act with sufficient power upon sensibility and 
nutrition. 

Tlie slow intermissions with vibration are contra -indicated 
whenever it is dangerous to over-excite sensibility. Hence the 
apparatus that is provided with a trembler for producing them 
should have also a rheotoiue to give slow intermissions without 
vibnitinn. 

M. F. P. Le Boiix, professor agr^ge of physical science, has 
shown, in an excellent thesis, the importance, in certain conditions, 
of the study of the differenres between tremblerti with and without 
vibrations. It will be seen that the electro-physiological pheno- 
mena produced by tremblers, and that I have stated above, are in 
accord with his experience. 

" The necessity," he says, " to detennine in an absolute manner 
the number of interruptions has been well stated by M. Duchenne, 
who has been careful to furnish his volta-laradic apparatus with 
a trembler, the beats of which can be slackened or accelerated at 
pleasure, so that it will give no more than four intermissions in a 
second, or will produce a very great number in the same time, 
affording also all intermediate degrees of rapidity. 

" M. Duchenne makes a distinction between tremblers with and 
without vibrations. The tremblers with vibrations are those which, 
between each intermission are agitated by several rapid recoils or 
rebounds, which render electrization very disagreeable. Save in 
certain cases, one should avoid the arrangements of a trembler 
which produce these effects, because they render certain electro- 
muscular experiments more difficult. 

" We know that very closely approximated electric shocks 
produce a tetanic condition instead of isolated contractions ; the 
vibrations in the trembler produce in reality a series of tetanic 
convulsions of more or less duration and separation. 

"The tacts of a purely physical kind that I have observed 
confirm those physiological ones that have been stated by M. 
Duchenne. I have had occasion to oliserve that the manner in 
which the extra current is produced, may give rise to a division 
of the induced spark, of which the following fact may convey an 
idea. In experiments upon the rapidity of the transmission of 
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sound,' I need &s u means of chronoscopy the trace lel't upon a plate 
of iodized silver hj an induction spark proceeding from one of 
RnhmkorfTs coils. The interruption of the inducing current was 
prodaced meohanicalty ; but under certain circumstances, instead of 
a single trac^, I observed as many as fifteen traces, corresponding 
to as many email sparks into which a single discharge bad been 
sabdivided. 1 coiild distinguish one from another because the 
plate was in rapid rotation, and the small sparks, being suc- 
cessive, left their marks on different points ; but the fifteen 
traces were separated only by the length of a millimetre, which 
corresponded to a time notably less than the fifty-thousandth 
part of a second. The sparks were unquestionably successive, 
because they were all aligned in the direction of the movement 
of the plate. 

"There is no room to believe but that each of these partial 
sparks corresponded to a vibration produced in the interrupter, 
for it is manifest that, according to the law of the movement 
of interruption, the induced discharge, which most commonly 
manifests itself in a single spiirk, may divide itself into a certain 
nomber of partial discharges. These [ihenomena were observed 
with a Ruhmkorff's coil, of moderate dimensions." ' 

In the tremblers, the point of the screw is platinized, and comes 
rnlo contact with a plate also platinized, and soldered to the piece 
which beats against it, so that perfect contact is as little as possible 
interfered with by oxydation. In time, however, the platinum, 
burnt by the electric spark, does undergo oxydation ; and the 
oxyde deposited on its surfaces checks the passage of the current, 
and weakens the power of the apparatus ; the play of the trembler 
being either hindered or altogether stopped. I have remedied this 
fanlt by increasing the thickness of the piece of platinum, and by 
making it movable, so that when, after working some hours a day 
for many months, it becomes oxydized, it may be shifted a little 
to the left or right, and a new place brought into use. It is also 
necessary to clean the point of the screw from time to time, by 
nibbing it with a piece of cloth or linen, so as to remove the oxyde. 
Finally, in order to diminish the oxydatiou of the platinum, I have 
increased the contact surface, giving to it from two to three milli- 
metres of transverse diameter. 



* La Rnni, D^erminaiim apAimtnlale | ' F. P. Le Konl, De rindudioji tS da 
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te dr Chimie et de I'hj/riutit, i' aelio, '■ pour I'aggrfgatiim del Seienca phytiyiM. 
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2«1 LOCALIZED ELECTKIZATIOK. 

G.— I^ Battery. 

From the beginoing of my researcliM and nntd 1^8^: 
bad empluyed Buneeu's batten- in idt volta - larodic 
mente, becaose it combines with suiSdeDt power a 
degree of constancy. I modifit^ it only by arranging it in a flat 
form, so that it cotdd be eoutained ia a drawer. Instead of im- 
inereit^ the carbon in nitric acid, I jtoored the acid over a plate 
of csrboti fio as to satorate i\^ pore.a, and then put this plate into a 
zinc cell oontuini&g a small quantity of solution of sea-ealt My 
only diaphragm was thus a thin layer of saline scJotioD ; by which 
arraiigeiaent the resisliuice of the battery was much diminii ' 
and it« power proportionately inoreased. 

Such a battery as this was pt-rfeclly in accord with the force 
my Srst iostroment. But, since I have fully doubled the origii 
length of tite roils and of their wires, it has been insufficient to 
develop the full power of the apparatus. 1 have therefore been 
cwmpelled to seek a battery yielding electricity of higher tension. 
For this purpose I have diminished by one-half the surface of 
the elements, and have increased their number lo three or even 
four. 

The inconveniences due to the employment of nitric acid, that 
to say, the inevitable liberation of nitrous gas, which was a cai 
of the rapid deterioration of the several parts of the apparatus, a 
duced me to replace the nitric by sulphuric acid. Fur more than 
a year I had employed tlits new urnrngement, when M. Maiie- 
Davy made known Iiis battery with bisulphate of mercury, nhi(Ji, 
with some modifications, I adopted for my instruments. It is to 
this source of electricity that I have now for six years given the 
preference for my portable forms of apparatus , and a description 
of it has already been given lo the reader. It possesses the ad' 
tage that it may be carried from place to place, without fear 
spilling any liquid. It is sufficient to place a piece of hard 
chonc between the cloth and the zinc, carefully cleaned, in 
intervals between the applications; and when we wish to 
the battery in action, to pour a little water upon the cloth, and 
remove the plates of caoutehouc. The same bisulphate of merci 
will last from fifteen days to three weeks. 

The pieces connecting the system of induction with the 
composed originally of copper, phitiuized at its contact with 
carbon, were rapidly destroyed by oxyriation. I have rej^" 
them by platinum wires, and they are now unalterable. The two 
three small elements which tbrm a part of my volta-electric ap] 
rutus, allow me lo have, at ihe bedside of the patient a power 
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iuJuclioD that is always sufScient ; but the induction of luy ap- 
paratas, is not, so to speak, siitiirated by these three elements ; for 
I ha?e obtained from it a much greater force, with the fifteen or 
twenty elemeuts of bisiilphate of lead that I can adapt to it at my 
Ovn hoose. 

Atlhoagh M. Mari^Davy haa advised the use (miy of the proto- 
nlpbate of mercury, 1 have substituted tho bisulphste in order to 
(drtain greater power. I have only employed the proto-sulphate, 
aaXhave said, for the formation of a battery composed of from 
thirty to a hundred elemeats, tor the application of continuous 
currents. 

Manu/aclure of the carbon plates. — After numerous experiments 
viiOi rt'i^rd to the l>est kinds of coal and coke, to the proportions 
in whicli tbey sLuulil be mixed, to the manner of setting the 
mixture in the moulds, to the form of the latter, and to the amount 
of burning required, I succeeded in manufacturing carbon plateH 
that were bard and free from fissures. The manufacture of these 
plates being, however, both difficult and costly, I sought to replacd 
them by carbon sawn out of gat-coke. 

The coke deposited on the interior of tbe ret^trts used fur making 
gad is formed, as is known, from the bituminous matter called 
pctrulemu. This petroleum becomi's carbonized, and deposited, 
layer upon layer, on the inner suifaofs of the retorts in which the 
coal is distilled. It forms at length a tliick crust, which it is 
necessary to remove from time to time. Unfortunately, the carbon 
plates formed from gas-coke, which are excelleut when immersed 
in nitric acid, and which, being very pure and free from earthy 
matter, seem then to increase power, dn not succeed for the system 
that I have adopted in my instrument* In a few minutes (two or 
three) the current furnished by them diminishes by more than 
three-fourths, when the circuit is closed. We ilieu observe the 
Bingutar phenomenon — which is produced also in piles of zinc and 
copper — llmt the current recovers its intensity when the circuit has 
been for a short time interrapted. I attribute ibis rapid weaken- 
ing of the cmrent to the great density of the gas-coke, tho inter- 
stices of which become obstructed by the salts that are formed by 
tiiB chemical action of the pile, and that are rapidly dissolved 
when the circuit is left open. The carbon plates that 1 have had 
manufactured, without bL'ing too soft, which would interfere with 
their durability, are yet hard enough. It is not until after some 
time (five or six months of frequent use) that the salts resulting 
from the iuiuriut chemical action of the pile are deposited in the 
interstices in sufficient quantity to diminish the power of the ap- 
paratua by ruBisting the passage of the current. It is important 
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fig. 60, it U tihea lo be divided ioto two parts. To tbe nght is 
placed the induction apparatos properly so callod. To the left 
ia liie btttt4;ry. in the loner compartment A ; and tbe rheophoree, 
with their coaductiin, are in the upper compartment B. 

The induction apparatus is composed : — 

1. Of a reel, six centinielres in length, formed bv two super* 
posed coils, the wires of which are of different length aud diametor J 
(the wire of the primary coil is sixty metres in leugtli aud a lialf I 




i mitlimetre in diameter, and the wire of the secondarv coil is 
three handred metres iu lenn;th and a sixth of a millimetre in 
diameter) ; 2, of a core formed by a liroiid band of soft iron rolled 
into a helix, as in &g. 59, eo that it can be placed in the centre 
of the reel ; 3, of a commutator of the coil, C (nil the foregoing 
portions are concealed in the compartment to tlie right) ; 4, of a 
gradnator tube D; 5, of a trembler E, and of a rheotome L for 
slow intermissions. 

B. — Manner ofputiiiiff the rtjijwrrtiua in action, 
A pair of elements with bisnlphate of mercury (fig, (13), like one 
of the paira of my large apparatus, is introduced into the com- 
partment A. Then if the door G of this compartment be closed, 
as in fig. 58, the small platinized plate L' (fig. (53), which com- 
mnnicatea with the carbon contained in the caoutchouc o'll, 
comes in contact with the spring H, which rests against the plati- 
nized termination F of one of the extremities (poles) of the primary 
coil, while the zinc N (fig. 63) is brought into communication with 
the other extremity (pole) of the primary coil, by the spring H'. 
The separations of this electro-motor from the coil are prodnced 
by the separation of the horizontal bar E (fig. 60) from the knob I. 
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If it 18 wieheil that the intermissions should be made slowly, the 
knob L (fig. 01) must be turued till the line traced upon it i> 
directed tTansversely, since in drawing to itself the stem of the 
rheotome until the bar E oi* the trembler is in contact with, 
the knob I, it completes the circuit formed by the batti.-ry and the 
wire of the primary coil, which ia broken by pushing back 
the etcoi of the rheotome L. In this way an intermi^^sion ia 
obtained, and we may thus obtain a series more or less quickly. 
If rapid intermissions of the IrL-mbler are desired, the button I 
must be turned from right to left until the bar E, pushed forward 
by a platinized eccentric fixed to the button, is sufficiently near to 
the temporary magnet J, whieh ia in contact with the soft iron in 
the centre of the coil. The approximation is sufficient when the 
noise of the trembler can l>e heard. It is necessary to regulate the 
movements of the trembler carefully ; for if they are too rapid,, 
in consequence of too near an approach of the bar E to the magnet' 
J, the separations will be less complete, and the contact of the' 
portions of the trembler will be less perfect. It follows that, 
the power of induction will he diminished. We may also produce 
small intermissioua with the jiedal rheotome Y (fig. G2), which 
has been described (p. 259), and which is applied to the large 
instruments. For tliis purpose, its conductiug cords must he 
attached to the knobs 3 and 4 (fig, GO), and then, after having 
turned the button L irom lett to right, until the bar E is in contact 
with the magnet J (in this [tositiou the battery current is inter- 
rupted), the intermissions are to be made with the foot in the 
manner already described, (By pressing on the knob 6, 
the battery current is completed.) 

The electixxle knobs, 1 and 2, receive the currents of each coil. 
To them are fixed the condufting cords to which the rheophorea 
are attached, We can bring to these knoba the current either 
of the primary or of the secondary coil, by pushing to the left or 
to the right, as far as it will go, the stem of the commutator of 
the coils C. The figures engraved npon tlie small plate of copper 
traversed by this stem, point out the iiidti towards which the stem 
should be pushed in ortler to bring one or other of the cnrrenta to 
the knobs 1 and 2. Lastly, the gniduation is t^fiected by the tube 
D, as in the other insirumenls. In tlie intervals between the 
applications, the battery cun-ent is interrupte*! by pushing bock 
tlie &tetu of the rheotome L, until tlie bar £ is in contact with 
the soft iron J. 

The small apparatiiK just clt>scril>ed is tliat to which I give the 
preference lu Uie great iiiajttrily of castas. I have recourse to tha 
large iustrumcuts only fur ilif purpua'S of ditiguosia, or for elwtro" 
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physiological and patliolofrical esperiiuenta, and for treatment in 
a few cases in wliich contractility or sensibilily are either abolished 
or sensibly diminished. 

The power of this small inBtrumeat is very considerable, regard 
being had to the small size of its coit. This is not only due to 
the excellent proportions of length and diameter of the wires, and 
to good mauufactnre, but also an<] chiefly to the powerful mag- 
netization of its band of soft iron rolle I into a helix, which thus 
oETers a considerable extent of surface.* 

Part the Fourth, 
the authob's double-cukrest magneto-faradic appabatu8. 

The Tolta-faradic iustniments, the construction and properties 
of which have been described in the preceding Part, have been 
employed in my numerous reaearcheB in electro-phyHiology, patho- 
logy, and therapeutics. They have endured this test satisfactorily, 
and their usefulness is now perfectly established. Unfortunately, 
the preparation of the battery, simple though it be, necessarily 
requires Bome amount of manipulation. This single inconvemence 
has presented a difliculty to some physicians, and has often in- 
daced them to prefer the common magneto-el ee trie instrument. 

For this reason, I have endeavoured to give to a magneto- 
electric instrument, as far as possible, the properties that I believe 
to be indispensable for the practice of localized fanulization. 

5 I. — Descripios of the Apparatus, 

My magntto-taradic apparatus (see fig. (5-1) is composed of a 
magnet, of an armature, set in movement by a peculiar mechanism, 
of a regulator of the armature, that is at otice a moderator ol' the 
rorrents and a magnetic tensor; of two coils of copper wire, of 
unequal length and thickness; of a rheotome; of a regulator 
of the iutermiesioDs ; of a graduator of the currents : and, lastly, of 
a commutator of the coils. 

A.— The Magnet. 
The magnet is formed of two parallel cylindrical branches, 

* I have esperiiMOtal oompoMtiTely, ' into a lic1i!i, uid witli its inU'raul Hurfaai 
wilh dUTi-rent forau of onre, with regard ' insulnted \<j a shu-t «f i«ppr. I have 
la t>>cir nspRotive uhygiok.giral elTecU; Touml tbnt tho helix or soft irnn hu given 
.._.-_.. ---!« (ah<^ DovDB iQothod), thebeat rcaiilta, both us regiinlstliopower 

], euuloaul the one wUliiu of pliysiologicaj offi«t« mid as rr;;iirdii 
r, and mrji iiuulakd by u pa|i<u the forc-> nf the aiagnctiKiitiun. 
II hnwl baud of lin rollwl 





connected together at one of their estremities liy a trunsverge bar 
of soft iron. 

It 13 placiiil on the flat, and horizontally upon a support fixed 
to the posterior part of the case of the apparatus. Its anterior 
extremity resla on two other supports. 

B, — I7i« armature and its motor si/stem. 
The armature, whith by its movement of rotation producw 
the intermissionB of the magnetic current, is traversed in its; 
middle part by a horizontal asis, terminated at its extremities bjr' 
a very hard stnel point, received in steel sockets, which are screwed 
into two eiipper mounts. These mounts are firmly fixed to a 
square movable plate of copper, G, which rests on the base of the 
apparatus. Between these Uvo mounts, and at their superior 
extremity, ia fitted a large whi'ei. A, the axis of which traverses 
one side tiio anterior mount in wliich it rotates, while the othee 
extremity terminates in a point, and is received in a piece fixed Ut 
the posterior mount. The handle M, which puts the large wheer 
in motion, can be removed at pleasure. The circumference of the 
large wheel A is divided into sixty-four teeth, which set in action, 
a small wheel of eight teeth, fixed upon the axis of the arma- 
ture in such a miinner that at every revolution of the great wheel 
the armature turns eight limes upon its axis, and consequently 
produces thirty-two inlermissioos of the current of induction. AJI 
it is possible to make the largo wheel revolve twice in a eecnncL 
we may obtain sixty-four intermiBsions in the same period of time. 



DOUBLE-CURRENT MAGNETO-FARADIC APPARATUS. 271 

C. — The regulator of the armature. 

The movable plate G, upon which are placed the armature and 
its motor Bystem, is approximated to or removed from the magnet, 
by means of a strong 8i.tkw K, called the regulator of the arma- 
tore. This screw, turning in a nut fixed to the apparatus, acis 
Upon the base of one of tiie mounts which fumia part of the plate 
G, which it moves backwards and forwards. 

In order that the armature may exercise a tension upon the 
niagnet, the screw N is turned iu such a manner that the needle is 
Invngbt to the middle part of the arc of a circle 0, which is called 
the indicator. Then the armature, placed transversely, is brought 
near to the magnet, and is in contact with its extremities. 

We shall see hereafter iii what way the regulator of the arma- 
ture serves also to weaken or to modenit« the induction currents. 

D.—Tbe coih. 

A reel nine centimetres and a half in length, and upon which 
twenty-four metres of copper wire, covered with silk, and half a 
millimetre in diameter, are rolled spirally, is fixed to each arm of 
the Bisgnet, in such a manner that its anterior border is level 
with tlie free edge of the magnet. The rounded anterior extremity 
of the reel resta in a support which maintains the magnet in 
a position parallel to the plane of the a[iparatiis. 

A second copper wire, the sixth of a millimetre in diameter, six 
handred metres in length, and covered with silk, is rolled over the 
thicker wire, ami forms a second coil. The thick wire is inductive 
relatively to the thinner wire, which is induced by it, I shall 
demonstrate tliis hereafter. 

The two superposed copper wires are rolled in the same direction, 
and the extremity of the one is soldered to the commencement of 
ihe other, while the other ends are brought, that of the thick wire 
(central) to the springs S and S', which produce the intermissions 
on the reel B, and that of the fine wire (external) to the 
right side, U, of the commutator of the coils T, which conveys 
the cnrrent of the primary coil to the knobs P and P, to which 
are attached the conductors of the rheophores. The spring S' gives 
origin to a conducting wire which proceeds to the left side of the 
commutator T. 

'E.—Tiie Rheotonie. 

The rheotome is composed of a small wooden reel, B, and of two 
springs, S and S'. The reel is fixed upon an axis of soft iron. 
One of the springs, S, in relation with one extremity of the central 
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wire, rpsts npoD a metallic ring fixed npon the reeL Tbis ring is 
divided into four teeth, two of which are verj' ebort. The second 
spring of the rbeotome S, which commtmicate^ with the other 
extremity of the central wire, ia brought in contact with the fonr, 
or with the two teeth, by toeanB of tbe regulating knob of the 
commutator (not shown in fig. Hi), which ia fixed to the right 
of the apparatus, and which tnma from right to left, and viee 
verau. 

F. — The regvlaiar of the utlenaiaBiotia. 

A piece of copper is fixed to the twise of the apparatos, to the 
left of the large wheel. It is traversed by a screw, D, to which is 
soldered a brass spring, 1. By means of the screw D the spring 
I can be made to perform a to-and-fro moveraeni, which brings it 
in contact sometimes with the pins a, upon the posterior faoa 
of the great wheel A, and sometimes with the plate G, whicb 
supports the latter. One of the extremities of the inner (thick^ 
wire of the coil, and of the outer (fine) wire of tlie coil, communi- 
cates with this plate G. The brass spring I is in relation, by 
copper wire, with the left side U, of the commutator of thQ 
coils T. 

G. — Qraduator of the currents. 

Two tabes of copper, H, H, covering the reels which are placed 
under the arms of the magnet, and connected by a cross-piece at 
their posterior extremity, are pulled oat or pushe<l in, ghding over 
the reels by means of ihe stem II. The latter, fixed to the cros^ 
piece, and terminating in a handle the length of the reels, is divided 
into centimetres and millimetres. When pushed entirely withia 
the apparatus, the rylinders cover the reels, and the currents are 
at their minimum of intensity. Tbe currents are, ou the con« 
trary, at their maximum when the stem is drawn completely out 
the apparatus. Their intt-rniediute degrees of force are in direct 
proportiou to the position nf (he stem. This stem, therefore, 
merits the denomination of a graduator of the eurn-nis. 

R.—Cotiiimiialor of Ike coils. 
The commutator of the coils, 1", is constructed like that of my 
volta-faradie iustniment. 

§ II.— TUEOKY OP THE MaONETO-FARADIC APPAR.\TDS. 
The simultaneous intermissions of the magnetic current, and of 
tliat of the central coil produced by the rotary motion of the wl 
A, wbich puts in action tl;o armature, and the rbeotome, B, 
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develop the phenoraena of induction in the thick wire of the 
central coil. The theory of these phenomena being the same as 
that of indaction in alt magueto-faradic infitruments, it is unneces- 
sary to describe it here. 

At the instant when this induction is produced in the thick wire 
of the central coil, if union of the two ends of the fine wire of the 
second coil is effected by a complete conductor, a counter current 
will be developed in this fine wire, in a direction opposite to that 
of the current of the primary coil, (The possibility of this indue- 
tiTe action of the central upon the secondary coil, in electro-mag- 
netic instruments, has been contested, on theoretical gronmls, by 
MM. Becquerel. I will hereafter show, by experiments, that it 
takes place in my apparatus.) 

As one of the terminations of the wire of the primary coil and 
of the secondary coil proceeds directly to P, the knob of the rheo- 
phore, and as the other extremity of these wires communicates with 
the metallic plate G, which supports the large wheel, it becomes 
necessary to bring this plate into relation with F, the knob of the 
second rheophore. The regulator of the intermissions, P, fulfils 
this condition completely; because it communicates with the knob 
P by a copper wire, and it is brought in contact either with the 
plate Gr, or with the pins a of the great wheel A, fixed to that plate, 
by means of the to-and-lro movement effected by the knob D. 

If it be wished to pass rapid currents through the conducting 
cord of the rheophore attached to the knob P, it is evident that 
the knob D should bring the spring I into relation with the plate 
G, which is itself in relation with the other extremity of one of 
the two wires. But if the spring I only communicates with 
the plate G by the pins a of the large wheel A, the current 
will only reach the knob P* four times, or twice, or even ouce, 
for each revolution of the large wheeL Consequently, the con- 
ductors of the electrodes attached to the knobs P and P receive 
only one, or two, or four intermissions per revolution, when the 
spring touches the pins; while they receive the rapid current 
(tliirty-two, or sixty-four intermissions per revolution) when the 
epring touches the metallic plate G. I therefore call the knob D, 
which moves the spring, the regulator of (he intermissions. 

The commutator of the coils acts in the same way as that of the 
Tolta-faradic apparatus. 

For the theory of the graduation of the two currents, I must refer 
to what has been said on the same subject, with regard to 
the volta-faradic apparatus. I shall hereafter explain how to 
administer the most powerful or the most feeble doses with my 
magneto-electric instrument. 
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§ m. — Explanation of the principal phopebtieb op 

DoUBLE-CtlRUENT MaGNETO-FARADICI ApPARATDS AND THl 
DIFFERENT COMBINATIONS WHICH HATE GOTERKBD ITS COrf 
8TRUCTI0N. 

Althougli double induction bad not previously been appliet 
to magneto-faradic inBtruments, I had no doubt of the poBsibiUW 
of obtaining it. I have described how, and by what series i 
researches, I was led to its realization. 

The MM. Becquerel, however, physicists of great ecientiSi 
authority, have disputed the possibility of producing double i 
duction with my magiieto-faradic instrument. I may be [ 
mittfid to endeavour to show, by esperiment, that I am not, a 
this point, under an error. 

I must repeat, that, in my volta-faradic instrument, the initiu 
force is mixed, that the induction of the primary coil results fro 
the modification produced : first, by the battery current circulatin 
through thecoila of its helix in an intermittent manner ; secondl^H 
by the influence of the temporary magnet. 

I have already stated {Cliap. I., Part III. § 1, page 30) that M.' 
E. Becquerel attributes the special physiological phenomena of 
the current of the secondary coil to the direct influence of the 
temporary magnet. It will be remembered that, in order to prove 
how unfouniled was this hypothesis, I made experiments without 
placing the soft iron core in the centre of the inductive helix; 
and that the phenomena peculiar to the current of the secondary -. 
helix were, none the leas, very powerfully produced (see experi> 
ment, page 29). 

A physicist, celebrated for his discoveries, and of no leas aciei 
tific authority than MM. Becquerel — M. de la Rive — haa thoj 
written, with reference to this experiment, which I repeated in hil 
presence : — 

" J must admit, with M. Duckenne, that ike current which eire 
lates through ike primary coil must certainly act upon the wire qfH 
tecondary, since we know that, even when there is no soft iron e 
induction ts produced." But he is careful to add, " The present 
of the soft iron increases the induction in an enormous degree, e 
the two actions, coinciding to produce the same effects, greatlv 
increase them. The current induced in the second wire w thi 
fore precisely like that which induces the direct action of the mafft 
and hence I am unable to discover in this anything but a curre 
of the first kind, and not a current of the second kind, as believed bj| 
M. Duchenne."* 



* De la Bire, ItK. nil. I. i 



, p. 581. 
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I am willing to bow before tlie great authority of M. de la Rive, 
but I mast nevertheless ask permission to remind him of an 
experiment which he witnessed in my laboratory.* He has, nith- 
ont donbt, forgotten that I showed him, with the primary coil of 
oy donble-inductioti instrnmcnt, ihe phj-siological power of the 
«tra current, comparatively, with and without the soft iron core. 
We then saw tliat, under the intliience of the magnetization of this 
iron core, the power of induction of the extra current was increased 
in a considerable proportion. Is it not reasonable to conclude 
that, ander these circumstances, the greater part, if not the whole, 
uf the power of the temporary magnetization was employed to 
influence the primary coil, and thus to increase the energy of the 
extra current ? But in order to admit, with M. de la Rive, that 
the induced current, which is tlien developed in the completed 
circuit of the superposed secondary coil, is precisely like that 
which induces the direct action of the magnet, it would be neces- 
■uy, I think, to prove that the magnet then ceases to exercise its 
infltience upon the primary coil, which is the nearest to it, and 
removes its action to the secondary coil, which is the most remote 
from it. But I am not aware that this, which to me seems 
improbable, has ever been demonstrated. 

it is after having made the foregoing experiments, and after 
lia>iug interpreted them in this manner, that I think I am autho- 
rized to formulate the following conclusions:— 

1. In the volta-electric instrmnents, the temporary magnetiza- 



* Before rorminfc an opinfoii iif [he 
Vftltw of IDT iJeclTO-plijiiirilogica] mid 
thentpcoticsl reaearchea, ftod oapurislljr W 
tan etitifiimn^ (ban, Uiis pbilosoplier has 
not onlf tlxu'uughlj stuilitil wh&t I baie 
wrilliin. but hu kUo dnDe me tlie honour 
lo trek froD) me cipisiiatJDrii wilb regard 
IsmjifiBlnilDeiiB. Then, uperimeuting 
DUHi himBL'If. I have beea able to show 
bin the rtalit; of tlie chief Rpeiiial or 
difeientUI pbysiologicnl aotiona of the 
evRoUoftae primary oi of the secondary 
etiU vt tbcae inatruroents. 

To the opioinn of M. E. Becqueml. who 
wiites, " Or rrira cmrTttU and lite atrrad 
i^lhtfirM kind do aid poartt eUcUve pre- 
foUtt over Ihit or Dutt /undion, M (Any 
iuat a« aetion man or iem energtiie, b^ 
rtaton oj their tejuion." it is ' ' 
to opixae that of M. <\e la Rit 
ndravoaml to explain tlic (tiiiercut,-!; uv- 
t»t«n ihu phyiiolngioal prupertira of tLe 
t«o currenti' — a clifterence such that tboy 
cwtmit be lubatituled for one naother in 
melicie, hD'I that dnneiids. atvording to 
Um, nut utily ujnD the induced cuntnt 




p^isabittiiiig greater k'nsion than the extra- 
L-nrrtiat. bul also upon its being in general 
mure momiDtarj. and. lastly, upon its 
being compiiaed of two currants pandng 
alternately iii ramtiary direotiona; whil* 
the extra current is composed of one 
induce.! current only, pamung alvays iu 
thf aamedirei^tion, 

" We mu&t liaru remember," says M. de 
In Iti«e. " that «e may have, l>eti>een tlie 
extra current and the nurrtnt inducted in 
Ihe second wire, other physical differcnoes 
Ihan those relating to quantity or inten- 
eity: and thnt hence, although we nuy 
cnnalrupt coila. in whicli, as regard* IM 
laal-uamvd qualities, the cum^ti sitall be 
alikt, they may Hlill differ froni one an- 
other. In the tnt place, the extn current 
is never composed of more than a liiigle iu- 
dnceil current, which always pu£Ke in Iha 
EtuoQ direction with the battery current, 
while the induced current properly so- 
called, is Cf>mpiucd of two inatanianenoa 
currents, pa-sing alternately in oppoiita 
directionp. Thia differcDce may wtil pro- 
duce a cliBerenee of physiologicaJ acliotL' 
T 2 



27« LOCAUZBD ELECTRIZATION. 



} cnrreDt dH 
the curreuH 

TPtit. ia nm;^^ 



tion acts as a second inidal Boarce, nearly in the same 
the battfrj', upon the wire of the primaiy coQ, the 
which it reinforces, and which, in its turn, reacts npon the 
of the secondary coil, so that the power of this last current is ppi>i 
portionately increased. In the magneto-farad ic instmnients, the 
initial force is more simple ; it is the intermittent changes in the 
state of the fixed magnet which produce induction in the vnra 
coiled immediately around it. But the power of this induction 
very feeble, if exerted by that influence alone, or, in other 
only by the rotary movements of the armature. In order that tl 
induction should acquire power, it is necessary that the solutioi 
of contact should take place in the wire of the coil, at the inom< 
when the modifications of the mt^et are at their maximum (< 
little before the contact reaches the vertical or horizontal position' 
Such are the arrangements of the primary coil of my magnet 
faradic apparatus ; the solutions of contact, which are produced l^j 
the rheotonie, occur only in the thick wire which immediately 
BOrrounds the fixed magnet ; the long fine wire, which is rolled 
round the thick wire, has no communication with the rheotome. 
If we suppress, in the thick wire, the solutions of contact pFrNluc«d 
by the rheotome, the current in the fine wire of the outer coil 
immediately becomes extremely weak, just as if we produced, by 
the same rheotome, solutions of contact in the fine wire. The 
intensity of the current of the last then increases a little, but 
remains very feeble, as compared with that which is developed 
when the solutions of contact occur in the thick wire. Tha, 
following is the proof : — 

Experiment.— Iht-. power of tho current developed in the fine wire of _, 
magneto-Earadic apparatus is considerable. But if the Holutions of eontact ot 
the wire of the primary coil, produced bj the rheotome, are RORpeniled (which 
may be effiwted in my instrument by turning tho knob Q, flg. 64, from nght to 
left), that is to say, when the current formrf by the wire of the primary coil 
remains interrupted, the power of tho current of the secondai^ coil is ""■■ 
diminished that it can scarcely be felt, even by placing the rheophorw U] 
tbe lips. Even when the solutions of contact are produced by the rheol 
in the wire of the secondary coil itself— an effect which I have obtained 
Biinple mechaniBm, in an apparatus construt-ted purposely for these ex^_ 
ments — ite current is etill iniiiutoly more feeble than when the same coil 
induced by the primary one. 

I have thought, and the idea has, without doubt, presented itse 
to the minds of my critics, although they have not succeeded id 
expressing it very clearly,'' that possibly my primary coil i 

' I Lere quote, prcciacly, tha criticism | properties of ltd two otrils: "In the in ., 
vbich uno oi' my IcAmcd oppunentx, M, i Delo-«li.-ctric apporatun of H. Duchenai 
A. Beciquerel, luis bc^loneil upon my | lie taya, "two wins are coiled, aao W 
magneto-brBdic imtnuneot, aod DpOQ the I the oiher, arouDil t> fli«d II " ' 
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npon the second coil like a copper tube, and masked, or neutralised 
it* power ; and tliat the sudden interruption produce<l by the in- 
tmnisaioiis permitted the physiological action produced by the 
inflaence of the cnrrent of the secondary coil upon the magnet, to 
display Itself in all it^ force. If such were the influence exerted 
bj the primary upon the secondary coil in my electro-magnetic 
instmmeQt, no one could regard it as an induction phenomenon. 
But it has been shown, by experiment, that this is not the case. I 



Qi^ef and ahort^. knd the ttvood flnrr 
uA longer. Aooirding to H. Dnohenne, 
lk> mnetil proJactd in Iho rormer wire 
ii u iitdiicoil vnTTGnl of the fint order 

Inltlie jniuiar; oral], and the current pio- 
lurd la the Intter vtre is dolenniaed 
bj the inflneooe of the former, and ia 
BidBced current of the geo-nd nrdir i, 
Uw VCiimlnry coil;. M. Duchenne U 
ilwaTfd. The rumnlt prvdwed ia the 
^ inm oTV bilh under Iht injlueiw of a 
M^l lAieh dftlrmii Vie rffeet prwfnVd j 
h Oitfint trirt upon the tramd, or rather \ 
■wlMa it to lomclkii'g eitrrmely rmalt. 
n» ameitt pmdactd in tkr fint. and that 
Poland t« Oit teeand icire. ore baOi 
■■dmil eHrrmti of the firtt kind ; only 
^ farmtr, prvdaeed in Hit thorter aad 
U*v irirv, it a aoTent of lei> Irntion 
't« Ikat prodsred in the longer and finer 
"^t and coTvetpimtly protluceM leas enrr- 
f'Mg 'tnU npon Hie ikin and upon the 

I> lltere occasion to show the maail 
tin oF the tuLowmgeiperimentB, which, 
*tOi>rding to mj oppuuent. prove inuon- 
hilubt; the truth of Ilia affiertion? 

L "Aroillid a Died magnet," he saji, 
'ndLbj guperpnntioQ, two wirei of equal 
HtUKtet and length, and cause Ihe uriiia- 
tgn of the eoft iron to act bj rotaiion : 
M induced current of the Srst order will 
be nodnced in each wire." 

Tea. if tbc circuit of the first coil U 
arithtr completrd nor interrupted by boIu- 
tiont of contact produced in its wire by a 
tDOioiDlKlar. aa in my double-coil inatrn- 
mmt ; but then llie eiperiment proTia 
nothing against my theory. Bat if, on 
the contrary, my leamtd opponent were 
[Jaeed in tlie rame conditions thut obtain 
ia mj inagueto-olectric instrumcnl, after 
Um explanations of its mechanism and of 
ill action that I have given above, ho 
would dnuhtlcra nbuidon his opinion as 
tmteiiable^ lit his experiment, then, the 
eormt of tlie second wire evidently 
noeivea the influence of the current of the 
fln>t wire, reiutlingfroni the simoltaneoua 
•dioa of the magnet, and of the solutions 
of ooDtsd in lliii wire, as I have already 



n. After having related Ihe fnrKioing 
experiment. M. A, Uecquerel adds, "the 
current of the flrat wire wiU be more in- 
tense than that of the second, the current 
of the second less inteuH tlian that of the 
tttst, by reason of its greater distance 
' fri)m the magnet. The ctlxrent of Ihe 
grcoiid wire will no longer produce the 
special efieclB of the so-called currcuts of 
tlie second kind." 

From the last point of view, this experi- 
ment pruvea absolutely nothing, for many 
reawms : I. Why cbaage the ordinary 
conditions of the electronautical instm- 
menle of wldoh we have to stndy the 
speeial properties 7 Uow is tliat an instru- 
ment of double induction, the wires of 
which are of eqnal diameter? 2. There is 
no maker of voitn-famdie instruments who 
doi-s not know that one of the principal 
conditions for obiainiiig i^eat phy«^ 
logical power in the secondary (induced) 
coil i& that its wire should not uidy be 
modi finer, bnt also mnch longer than the 
inductive wire. For what reason shoald 
it not bo the same in a donble-current 
magneto-furadic upnarutus 7 Let us keep 
til the question, whioh is, to determine 
the properties of the com-nt of the secon- 
daiT coil, developed in a wire that is fine 
and long, as Dum]Ared with the proper- 
tiL'i of tbe current of thu primary c»i!(extik 
current) produced in a wire that is thicker 
and shorter. 1 have already provnl (sea 
Cl.ai) I., Part in., b. page 30). with r^ 
gard to Totla-faradic instrnmenta, that the 
physiological iiroperties of the same nul 
of line wire differ, accordingly as its cur- 
rent, in common langn^e, is an indnoed 
or an extra current. 

It is bard to understand why it dionld 
be otherwise with regard to electro-mag- 
nptic instruments: and 1 tlicreitire rtvid 
with much Eurpriae tlie f-illowing asser- 
tion by H. A. Becquercl. "If a Gied 
magnet be lurruunded by only a single 
wire, very fine, and very long, it will 
yield a current of great tension, whioh 
possesses all lit propertki of the so-called 
currents of the second kind.' This asser- 
tion is in clirect eontradiction to the facts 
eetablished by my experimental researches. 
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twf e mtataiaei tkat what, hr tmppnamg the aolotioD of e 
tact of tbe thick wire, and IcAni^ its cimnt iotefmiited, i' 
remaiiied only tl>e direct influence of the magnet opon the e 
wire, the pbniologieal effects pcodneed by this iDfinence i 
reduced altnoet to notliiDg. 

Tosttm np. In mydooUe-cairent electro-auigDelicap[)arKt[i9,fl 
is the carrent derelopcd ia the primarr coil, ouder the simi^ 
taneofu iofloeoce of the temporarr modificatioits ot the magnet, 
and of tlie iotemiptioDS produced in the circait of the thick wire, 
which reacts opon the secondarr coiL 

Although, autil quite recentlv. lie abore piopositioD was con- 
eidered iuitdmif^ble by eminent physidsts, I do not the 1e^ 
maiutaio my belief that it rests upon fact and experiments that 
are tneonteetable. It has been demonstrated, in a more scientific 
manner, and in more technical language, by Ttl. F- P- Le Konx^ 
who, in his thesis presented to the upper school of pharmacy, 
which I have already had occasion to quote, has maintained th 
my idea is in great part correct, at least in the case of my magnet 
faradic appnratn.t. 

The Ibltowing is an extract from the thesis, remarkable i 
many other reapects, in which this important dc-monstration I 
to lie founil. (The reader will easily understand this demoi 
Htration, if he is acquainteii with the theory of magaeto-electr 
instruments which M. Le Uonx has laid down in his work, widj 
reference to the apparatus of Pixii, and which I have reprinte 
on page 287) : — 

" M. Duchenne has attributed the particular effects which ] 
has observed in his second coil, to the action of currentc^ t' 
distribution and intensity of which are diSereiit from those oi 
the currents which are induced in the primary coil. Others 
on the contrary, have tliought that the two colls differ only in 
the length of their wires. I am induced to believe that what is 
wanting to the idea of M. Duchenne is to be supported hy j/redse 
reatoning, and that it i» in the main correct, at least in the case of 
his magneto-faradic aj^paratus. h 

"It may be regarded as proved that, in all magneto-electri^l 
instruments of small dimensions, the alternations of mngnetizatioiif 
ajid demagnetization are insufficient to produce currents capable* 
of causing shocks, whatever be the speed of the armatures or the 
reels, or whatever the length of the wires ; while the interruption 
of the current, neiir the time of its maximum intensity, causes them 
eaergcticnily. The reason of this is, that the diminution of inten- 
sity which takes place at the moment of an interruption is much 
uiure rapid than the moiit rapid demagnetization that cun be pr^^ 



daeed 



DOCBLE-CUEBENT MAGNETO-FAB ADIC AFPARATUS. 279 

by movements of approximation or removal operating 
meL'huni<-aiIy."'' 

This understood, wlien we interrupt the curreat at the moment 
of iu niasimum, it is as if we shoiiM interrupt a constant current, 
aoil it produces an extra current, tlie curve of which has been 
•Iteady given, and which wo here will reproduce (fig. 65). 




"It would seem that the arcs, which intercept at the point B, 
«liould be in excellent condition of form to give rise to intense 
intinced currents. That is true, but it must be remembered that 
unity of time is liere represented by a very short space, so that, if 
*e wish to represent the interval of time Aq B^ with the same unity 
that has been employed, — for example, iu fig. 65, to represent 
the cessation of an interrupted current, — it would be necessary 
to give to A^ Bo a length several hundred times greater. It is 
manifest that, when thus extended, the curve of the current of the 
reel would present only an insensible sinuosity, when compared 
with that of the current of intemiption. 



It mny be inquired how it liappcna 
. m eltia curreot is not produced at 
momeal when a Ulorke'B reel, for 
paieea before the pole of a j 



niwti«I.Hi 
■wUeiil; 



itth»tii 



9iil; chuigeB iu iliiectiaii:, aa has 
beea stated nbore; and it would freia 
that a chajige of direction of thia kind 
ihonld be even more efficadona than un 
ialermplion. But, in fact, the mdiien 
change repruwnted bj the curve is oul; a 
fliTtion ; in reality, the change is n-latively 
impid but Dot sudden, becauw! we have 
out mathematieal piiiniB which pata one 



magnets esuse the action to diminish 
fnm a rertain movement, and to inciease 
again. Tbedecreasewbirhreallyoccunin 
the vicinity of B, i,fig. 65), howeier rapid 
it may be, is stilt very alow as compaj«d 
to the return of the natural state in a 
circuit that is iotemipted. 

Fig. 65 bIidwb, by its lower curve, what 
would be the actual distribution of the 
intensity of the currents in one of Clarke's 
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" We may therefore easily undt^tstand that the mechanic 
variation can only give rise to induced currents that are scarce 
approeiable when compared with those that are produced by i: 
tf rruptioi) of a current by solution of the circuit. 

" IS, on the contrary, we place this extra current in relation wi 
the circuit upon which it can act inductively, it will detennii 
the induced current repreaeuted in fig. 65. Its negative part 
slightly marked, but it is not the same with its positive ] 
which may poasesa a greater intensity, and may present a mi 
sudden variation, than tlie extra current itself, so that it may a 
differ from the latter in its effects upon the organism. 

" Such a conclusion would be evidently out of the question, 
the circuit of the second coil were only subject to the influeai 
of the first. But would it be the same when the second coil, Ifl 
the first, is in the presence of a magnet, the magnetization ( 
which is determined by the variations of intensity ? 

" We commenced by observing that, as the second coil inclnde 
in its circuit the human body, the resistance of which is ve< 
great, the inductions due to variations of the intensity of til 
magnet could develop but a i'eeble current ; and that, moreovai 
this current not being subject to interruption by the rheotoim 
there will be in the wire no sensible extra current, so that I canna 
see any condition capable of causing an appreciable disturbance i 
the effects of the induction produced in the second coil by i' 
extra current of the first 

" Such is, in my judgment, the proper manner of regarding thtt 
phenomena exhibited by electro-magnetic instruments; the »(<iw*< 
live effect of Oie extra current of tite first coU should be the ahtt 
cause of that whichpasses through the second."* 

K—The Eheotome. 

In my instrument, by means of a special mechanism, the inter 
mission can be obtained either twice or four times for each revol* 
tion of the soft iron, according to the indications. In order pro 
perly to appreciate the importance of this arrangement, from m 
practical point of view, it is necessary to recall tho theory of thoe 
phenomena which are produced in the common magueto-faradio 
instruments. 

This theory has been stated in the first chapter. It has tbeiS 
been shown ; — 1, that two intermissions of the rheotome, for eac& 
revolution of the soft iron, produce four inductions, of which two.; 
powerful ones, occur at the moment of the intermissions ; 2, tha{ 

' F. P. Ij! Rous. loe. at., p. 30. 



' COUBLE-CCRRENT HAGNETO-FARADIC APPARATUS. 291 

four mlennissioiis of the rheotome, for each revolution of the soft 
iron, prodace four inductions of equal force ; 3, that the currents 
vUch arifie from these different inductions proceed alternately in 
GODlraiy din^tions. 

I^ then, we faradize with two intermissions for each revolution 
of the armatnre, we should obtain two powerful actions, and the 
canent will travel each time in the same direotion. Tlie two other 
tctious, duriag which the current passes in a contrary direction, 
ire ao feeble, that in man they give rise to no appreciable pheno- 
mena, onless directed upon the retina, ithen they produce a phos- 
lieoe. Hence, by the aid of ita regulator, the spring of the 
rfaeotome must be so placed as to give two intermissions, when 
it is desired tliat the currents should pass always In the same 
direction. 

We may therefore apply my magneto-faradic apparatus, the in- 
lomiggions of which occur but twice for each revolution of the 
umatiire, to the study of the influence exerted by the direction 
at the cnrrents upon the coutractility or the sensibility.' The 
■me study cannot he pursued with four intermissions to each 
KTolatbn of the armature ; because the four inductions act with 
«4joal force, and alternately in opposite directions. 

The four intermissions per revolution produce a current of 
doable rapidity. Their employment therefore fulfils numerous 
ituiipatJons ; as when we vrish to act specially upon the sensibility, 
or to study the muscular functions by the aid of faradization. But 
ilthongh, with four intermissions, the current is twice as rapid as 
in the instrument of Clarke, which gives only two intermissions per 
revolution, its rapidity is still insufficient for the study of the 
niucuUr fanctiuns of the face. The same condition of the rheo- 
tome renders the action of the magneto-electric instruments upon 
the cutaneous sensibility much less powerful than that of the volta* 
electric instruments, the intermissions of which may be made by 
''" fr-T-H, r svith a rapidity that is incalculable. 

(_'. — The Regvlaior of the Iidemuasiona. 
.<-j i^agiitto-faradic apparatus is applicable to all tho require- 
"lentB of therapeutics, unless it possesses a niechanism by which to 
obtain one, two, or tour faradic excitations iu the half-second; 
Unleiid of very numerous intermissions during the same period of 
foft I have contrived such an arrangement for my magneto- 



' ll it w«ll known that the eleclro- hare been used by M«.lteu«ci ai Ibc 

I'I'TsidogicHi phcnumeuaproilueedacconl- buis of thcrapc'uUc ilulurlion ap|ili- 

I^K tn the ilinction of currcnta tjsvereing rable !■} mnu. 
Wi'iulJnalljUieDcrve-tmokeofitniiii&tt. 
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iaradic apparatus ; and have thus rendered it available in every 
vase. The mecbamsiu is extremely simple, and need ouly be 
described, to sbow its utility and necessity. 

The action of the regulator of intermissious, D (fig. 64), should I 
be combined with that of the regulator of the rheotome B. The I 
former is so arranged as to produce a very rapid iotermittent cniw I 
rent, and the second so as to touch the four teeth of the rheotoma. 1 

ir, on the contrary, the intermissions are to be produced but I 
slowly, the spring of the rheotome should touch only the two! 
teeth of the rheotome B. The following is the reason. While! 
the spring touches one of the pins of the large wheel, the contact! 
sometimes lasts a little too long ; and it may happen that two oil 
four inductions are produced, in rapid successiou, at the moment-fl 
of contact, according to the position of the rheotome : if the latter 9 
touches the four teeth, the four inductions which are then pro 
duced excite a more powerful sensation; if, on the contrary, tlia 
spring touches but two teeth, the inductions will not be sufficiently T 
near together to occur at the moment when contact is produced 
with one of the pins of the lai^ wheel. The slow intermissions, 
and the sensations which they produce, will then be more regular. 



D.—The GradutUor of the CurrenU, 
The graduating tube of my magneto-farad ic apparatus measarea 
the electric doses as exactly as in the case of the Tolla-faradic 
apparatus. The details which I have already given with regard 
to the latter, render it unnece3.iary to enter into the qnestioa 
anew. 

This system of graduation is the only one by which we can 
administer to all organs electric doses, proportionately to their 
degree of excitability, which, as I have shown, is extremely variableL 
It may be asked, however, whether the initial force of magneto- 
faradic instruments does not itself vary so much as to render 
fruitless the employment of any equal measure ? It is established 
that a magoet, after being subjected to much traction or friction, 
almost completely loses its power to sustain a given weight. Doea 
this weakening diminish also, in the same proportion, the power 
induction ? I have related, in the earlier editions, experimenl 
which seemed to answer both questions in the negative. 
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K — Ths Moderator o/the Currents. 
In the magnet o-faradic instrnmenta, as in the volta-faradic, the 
graduating tubes do not entirely neutralize the currtnts of tiia 
coils they cover. It fuiloHs that they would be inapplicable to 
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very excitable organa. or tor very lielicate expi-rimouts, unless we 
could employ a. moderator of the currenta, aualogooa to that of the 
volta-faradic, isstrumeuts. 

I have found in the apparatus itself the elements of an excellent 
moderator. 

(a). The armature and its motor system can be moved awny 
from the magnet over a range of two centimetres and a lialf, by 
means of the screw N, called the regulator of the armature, and, 
at this distance, the influence of the soft iron is considerably 
diminished. This simple moderator suffices for all operations 
upon man, and, by combining its action with that of the graduator, 
permits the ad ministration of extremely feeble doses. 

(fc). lint there are researches or experiments still more delicate, 
— such, for example, as may be practised ujwn the frog, — which 
n-quire tbe employment of doses that are still smaller, on account 
of the degree of excitability of the organs of that animal. I have 
contrived the fullowing arrangement for bringing tbe electro- 
m;ignetic apparatus infinitely more under control By turning fram 
right to lelt the small t^crew placed over the base of the spring 
S' (one of the springs which produce the intermissions of the 
fiirrent of the central coil ujion the teeth of the rheotome B), I 
prevent the current of tbis coil from passing through tbe commu- 
tator. It will be understood that induction can then only take 
place by the influence of the soft iron upon the magnet. I do not 
know whether this experiment has ever been made under the 
Kime conditions ; but I can say that the induction of the magneto- 
fitradic apparatus, thna deprived of the simidtaneoua intermissions 
occurring in the wire of tbe coil, which immediately covers the 
magnet, is so feeble that the current of my powerful instrument is 
only appreciable by placing the rheopliores between tbe lips. If, 
then, alter having placed the soft iron at iia greatest distance 
from the magnet, wo suspend, by the above described method, the 
intermissions which occur throu<;h the rbeotome B, the instrument 
will produce only an induction infinitely feeble, which may still 
be divided in dtgrtes smaller and smaller, by sliding the graduator 
tubes over the coils. It is thus that the same instnuuent, which 
is capable of affording currents of great intensity, may be used to 
test the relative excitability of the muscles of the frog. 

5 IV. — The man-ner Of aETTixc the instrument in action. 
The employment of the magneto- faradic apparatus is, fortunately, 
as we shall see, a matter of extreme simplicity. Without know- 
ledge of its construction or of its theory, it is enough for tbe 
physician, in order to u^e it, to understand the brief precepts that 
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^^B. A. — In Us pradicdl ajtplKalion. 

^^Bh bos been shown that it possesses — 1. Two ciiiTcDts, the one an 

^^Hfai current, the other an induced cnrrent, furuisbed by two 

^^^nrposed coils, each having special properties. 2. Intermissions 

^mt are slow or rapid, at the pleaj^ure of the operator. 3. Currents 

that are either alternate or in the same direction. 4. An exact 

and truly medical graduation, which measures the lai^eat and the 

smallest doses with equal exactness, thanks to a combination of 

graduator tubes with the mechanism which I huve called the 

moderator of the current*. 

B. — Under a physical aspect. 

(a). My apparatus shows that the metallic cylinders are in- 
duced by the coils as much in a magneto-faradic as in a volta- 
faradic instrument, which has been disputed by the celebrated 
physicist of Vienna, Herr Dove ; and, further, that the reciprocal 
influence of the coils and the cylinders is only exerted in the parts 
of the coils that are covered by the cylinders, whence it follows 
that the action of tbe latter occurs in a progressire manner, and in 
arithmetical proportion. 

When, from lapse of time and by employment, the magnet 
becomes weakened, its power may be restored without dismounting 
the apparatus. The turns around the arms of the magnet of the 
thick wire, which supplies the current of the primary coil, enable 
us to restore to the magnet its original power, by passing the 
current of a voltaic battery through the spirals formed by the 
wire. The proceeding is thus accomplished : — the armature is 
placed in contact with the magnet, and then the current from 
a battery of eight or ten of Bimsen's elements is made to pass 
through tlie primary coil, by placing the positive {wle upon that 
one of the springs of the intermissions which corresponds to tbe 
north poll; of the magnet, while the negative pole is brought into 
contact with tbe spring to the opjiisite side. While the voltaic 
current passes through the primary coil, the magnet gains cod- 
sidcrahly in power (it will support a weight of forty kilogrammes), 
and, when the current is interrupted, although the magnet loses a 
great part of the force which it re(;eived from the voltaic current, 
it yet preserves the maximum of magnetic intensity which it 
received at the hands of the mauufactorer. If the experiment bo 
repeated, with the poles of the batt*iry current counlorchanged, 
the magnet is almost entirely demagnetised, but c^m bL> imme- 
diately restored to its original power by acting as on the lirst 
occasioD. I have often repeate«i these experiments, and cmui 
any timo maguetiKO or demagnetize my apparatna. 
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I am about to lay down. I must therefore ask, above all, for an 
attentive perusal of tbe followiug lines. 

In order to put the apparatus in action, tbe regulator of the 
armature, N, must be turned from left to right, until tbe soft iron 
no longer comes in contact with the magnet during its rotary 
motion. 

If tbe employment of a rapid current is indicated, the regulat^w 
of the intermissions, D, must be turned from right to left, until it 
reaches il« point of arrest If, on the contrary, it ia necessary to 
pro<liice distant intermissions, tbe same regulator, D, must be 
turned in the opposite direction, and stopped when the needle <^ 
the indicator points to the number of intermissions which it ii 
desired to obtain for each revolution of the large wheel. The 
handle, turned from left to right, should always be moved very 
quietly, making perhaps two revolutions in a second. 

In order to graduate the currents, it is sufficient to remembei 
that when the stem E is pushed within the appamtus the current; 
is at its minimum. The graduation of this stem in millimetrea 
renders it possible to divide the electric doses in fract.' 
proportion to the excitability of the organs, and to tlie require- 
ments of therapeutics. 

If the region operated upon be highly escitable, or, in other 
terms, if it is necessary to administer very feeble doses, the arm*» 
ture must be moved farther away from tbe magnet, by tnrning the 
regulator N from left to right. 

If it be desired to experiment upon the frog, the armature 
moved away from the magnet as tar as possible, and at the sar 
time the current is cut off from the commutator, by turning back* 
from right to left, the small screw at the base of the spring S. 

After having thus diminished the power of the apparatn^ 
infinitely small doses can be measured with tbe same exactituda^ 
as powerful ones. 

Lastly, the knob T of the commutator of the coils must be' 
turned from right to left, when wo wish to bring the current of the 
primary coil to the knobs P and F, to whicli the condui-tt^rs of 
the rheopliores are fixed. We turn, on the contrary, the knob T 
from left to right, in order to bring to the rheophores tho curreut 
of tbe secondary coil. 

§ V. — Recapitulation. 

The description of the properties pissessed by my magneto* 
furailic apparatus has shown that its invention constituted a real 
progress, not only with regard to its applications in medicine, but 
also from a purely physical asjiect. 
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\.~Jn its priKtieal application.. 
It has been shown that It possesses — 1. Two cnrrents, the one an 
extra current, the other an induced current, furniehed by two 
superposed coils, each having special properties. 2. Intermissions 
that are slow or rapid, at the pleasure of the operator. 3, Currents 
that are either alternate or in the same direction. 4. An exact 
and truly medical graduation, which measures the largest and the 
smallest doses with equal exactness, thanks to a combination of 
gradnator tubes with the mechanism which I have called the 
moderator of the currents. 

B, — Under a phijaical aspect. 

(a). My apparatus shows that the metallic cylinders are in- 
duced by the coils as much in a mf^eto-farsdic as in a volta- 
faradic instrument, which has been disputed by the celebrated 
physicist of Vienna, Herr Dove ; and, further, that the reciprocal 
inflaence of the coils and the cylinders is only exerted in the part« 
of the coils that are covered by the cylinders, whence it follows 
that the action of the latter occurs In a progressive manner, and in 
arithmetical proportion. 

When, from lapse of time and by employment, the magnet 
becomes weakened, its power may be restored withoat dismounting 
the apparatus. The turns around the arms of the magnet of the 
thick wire, which supplies the current of the primary coil, enable 
us to restore to the magnet its origiual power, by passing the 
current of a voltaic battery through the spirals formed by the 
wire. The proceeding is thus accomplished: — the armature is 
placed in contact ivith the magnet, and then the current from 
a battery of eight or ten of Bunsen's elements is mudo to pass 
through tho primary coil, by placing the positive pole upon that 
one of the springs of the intermissions which correspouda to the 
north pole of the magnet, while the negative pole is brought into 
contact with the spring to the op))osite side. While the voltaic 
current passes through the primary coil, the magnet gains cun> 
eiderably in power (it will support a weight of forty kilogrammes), 
and, when the current is interrupted, although the mnguet loses a 
great part of the force which it received from the vullaic current, 
it yet preserves the maximum of magnetic intensity which it 
received at the hands of tlie manufacturer. If the experiment bo 
repeated, with the polea of the battery current counter changed, 
the magnet is almost entirely dem^;netisc<l, but can be imme- 
diately restored to it« original |)ower by acting as on the first 
occasion. I have often repeated these experiments, and can at 
any time magnetize or demagnetize my apjuratos. 
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(i). Thanks to the combination of two superposed mil?, formed 

of wires of different dimensions, we have not only the advantage 
obtaining currents of different kinds, with special physiologic! 
properties, but we are also able to exhibit the phenomenon i 
decomposition of water by the current of the primary coil, thi 
wire of which is of sufficient size to produce this chemical actioi 
without requiring to change the reels, as in the case of Clarkev 
apparatus. I should add that the commutator of the coils, whici 
enables ns to pass rapidly from one current to the other, withonl 
displacing tbe conductors, renders this experiment more e 

(c). Lastly, my apparatus serves to show the great differenct 
which exists between tbe induction produced in the magneto 
faradic instruments, by tlie sole influence of the armature on thj 
magnet, and that which is tlie result of solutions of continuity a 
the circuit of the primary coil, at the moment when the armature 
leaves or approaches the magnet. Tiie mechanism which permits 
these experiments is very simple, since it is sufficient to turn in 
opposite directions the screw of the rheotome B (fig, 64), placed 
at the base of one of the springs, in order to transmit or to arre^ 
the current, the solntions of which are made between the teetl 
of the ring placed upon the small reel. 

These r&'iultH form, I repeat, an incontestable progress. And 
yet, bow is it that the apparatus has been disregarded, to say aQ 
more, by the physicists whose electro-physiological theories, whiclf 
to me seem erroneous, I have so often had to dispute ? It i 
because these physicists, ignorant of tbe requirements of tboa 
physiological, pathological, and thera|>eutical researches for whi<^ 
the instrument is adapted, are unable to form an idea of tbi 
utility of tbe properties that it possesses ; it is, that they have no 
even seen the instrument in action, and that thi^y only know it I 
a description which they have read without being able to under 
stand. A great number of physicists have examined it, and ] 
have found that once showing it to them has enabled them pefl 
fectly to understand its mechanism, which they have afterward 
explained in their lectures or in their works.' I can affirm, indec 



' I niBJi tnentimi. amniig others, MM. I aome of Iheni may even appear lu 

De la Rivo niid Jamui. bcforu whoiu I fluona ; but it would not be wine to 

have exhibited e]««ti o-pliy^otngi<«l ri- iioimce, withniit murbRircamspei!tioli, 

perimenta which aliow the diffetent phy- on the identilf of the intimare econi 

■iolo^col HClioD uf the ooila uf mj mag- of coinplirated phenomena which we 

nt'to-ejeotrio apparBtim, I may alsoqnote only in the BggregHte. Morenver. i 

tlie opinion of H. Lc Bonx upon its oecesaxry to reco^iae that the laboniB of 



"Thisappuratuaia nnqne^tinnably more 
complete tnaa any other of the kind. The 
means whieh it oBera of grnduating and 
Tiirying its effects are numerous; und 



this auttior have not been without influ- 
i:m'e in perfteting tbe small instru 
whic?h are uov at the disposal of ni 
pmclire, iind of which there aronu.. . 
preaenting nlmosl wjual ndvanldgee." 



niSTOBT. Sca^ OF INDUCTION INSTRUMKNTS. 
llut it is not more difficult to understand tlian other form 
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Past the Fifth. 
hi8tobical and criticat. account of inductiox 

instruments. 



In order better to appreciate the value of my induction inatra- 
meat^ the description and properties of which have been set forth 
in the preceding Parts, and to judge of the progress of the art of 
hbricating electro-medical instruments, and also in order that the 
pbfdcian may exercise an enlightened choice among these instru- 
ments, I proceed, in the following pages, to pass in review the 
[iriot^ipal forms of induction apparatus, from their origin to the 
(iresent day, I shall reprint the figures and description of two 
Wmed physicists, and especially of one of them, who, in a work 
I have had occasion to quote,' has profoundly studied electro- 
medical instruments. In the second place, I shall enter upon 
eertain critical considerations, tliat I have already in great part 
Nt forth in 1855, upon the electro-medical instruments then in 
me, and I shall point out their improvements, as well as the 
iaideraia which still remain to be attained. 



§ I. — Historical Review. 
1. — Mayiieto'deciric iiistrutnenU. 
K.~Faradaif'a instrument — " The lirat magnetoelectric machine," 
ttTB 5L de la Bive, was constmcted by Faraday (fig. 67). It 
consigts of a copper 
disc, c, movable in s 
Wrtical plane upon a 
horizontal axis, and 
»Mch is made to turn 
between the two oppo- 
at« poles of a magnet, 
*. We have seen that 
if we connect the two 
ends of the galvano- 
meter ff, the one, w, 
with the axis of the 
disc, the other, v/, 
with a point on its circumference, the deviation of the needle 
V^^ takes place in one or the other direction, according to 

• F. p. Lo Roni, lac. eil. 
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the direction of the rotation, indicatt-s the liberation of a constam 
current in the disc. But this current is of very Bmall intensityi 
it is incapable of producing chemical decompositions, contrao 
tions, &c. It is tho game with the induction currents, whiol 
are occasione'^ by the terrestrial magnetisrn.' 

B.~In$lruin€nt of Punt.—" To obtain induced currents <i 
somewhat marked intensity, it is necessary that they should hi 
developed in wires oj 
some length, in such a 
way that the conductoc 
which reunites the ends 
of the wire should 
moderately good, or at 
least not much inferii 
to the wire itself, so that 
the current may traversa 
it, instead of pas 
back again by the same 
wire in which the inr 
duction took place, M. 
Pixii was the first tQ 
construct an instrument, 
on this prinpiple." * 

"The instrument of 
Pixii is shown in fig. 
A B is a bar of soft iron, 
curved in to the form of 
a horseshoe, and round' 
_ it is rolle<l an insa> 
Fig. 6-i.-Ai.p.irain.ofB>ii, * ^^'^'^ coppet wire, tha 

extremities of which are; 
shown at X, T ; this electro-magnet is fixed. OpjTOsite to it it 
placed a permanent magnet, the poles of which are seen at O 
and D. This magnet is supported by a vertical axis, M N, on 
which is mounted a pinion, I, to which a wheel, K, communi- 
cates movement; a handle, L, serves to put the instrument in 
motion. 

" Ah will be seen, the poles C and T) of the permanent magnet: 
alternately approach and recede from the extremities of the 
electro-magnet ; there is, then, induced, in the wire covering tha 
latter, a current which changes its direction with each half turn. 
In the original instrument of Pixii a sort of cam was placed at G, 



iappliqu^t. 1854, t 



. i., p. 378. 
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in oitlur to work a commutator, vthicli, on accouDt of its com- 
plexity, has not been represented in the figure. It is enough to 
say iJiat this part of the apparatus had for it« office to conduct the 
■udiioed current always in the same direction. Clarke's instru- 
ment wil! presently furnish us with au exampli' of a contrivance 
which is more simple, and better adapted to its purposes. 

"We can produce, by the aid ol' Pixii's instrument, all the 
nrdinary effectsof induced currents,— heat, light, chemical dfecom- 
posittons, &c. 

" ia order to explain the efTect of the arrangement which has 
been described, let A and B (6g. 69) be the projections of the 
reels, and N and S the poles of 
the magnet, on the plane describeil 
by Uiem in their movement of 
rotatioti, which is supposed to 
occur in the direction indicated 
by the arrows. 

"The pole N retires from tlie 
wheel A ; the pole S approaches 
it; as the two poles are ofcon- 
tnuy names, their actions upon 
tliftwel A concur. 

"They concur also upon the reel B, but tlie current originating 
in tbiB reel is the opposite of that which origluates in the reel A ; 
tui for these currents to combine it is only necessary to connect, 
fa a ODDTenient manner, the wires which are rolled round the 
le^; and it is sufficient for this, that, if we suppose the horse- 
>iioe-sbaped iron to be set upright, the wire should l<e wound in 
theaame direction round both its branches. 

"Tlie inductive action is at its minimum when the poles are 
s^-distant from the reels, but it does not cease. At the moment 
when the poles are very near the reels, the action is much greater, 
»nd it altiLina its maximum when the poles are opposite the reels; 
bat at this moment the induction changes its direction, because 
the movement which approximated each of the poles to the reel 
before which it passed, then removes it," 

After having described the apparatus of Pixii, M. Le Roux has 
rtated the following theory of magneto-electric instruments, which, 
by reason of its novelty and importance, merits to be here repro- 
duced : — 

"The cin-ve of the intensities of the current may be exhibited 
as in fig. 70, where the distance A,, and B^, represents the time in 
which ca*'h pole passes from the reel A to the reel B, and so on. 
" In reality, the passage from the positive arc. o m fc, to the 





negative arc, a m V, does not occur so eaddealj as is here ini 
cated, because the extremities of the reels and of the magnets 
are not mathematical points, bnt possess conaiderahle transverse 
dimensions. We shall return hereafter to this qnestion. 

" We may say at once, although it is foreign to the subject of 
Pixii's apparatus, that, if we cause the current engendered to act 
upon a second circuit, we obtain an induced current, which will be 
an induced current of the second kind, caused by magnetic induc- 
tion, and the distribution of which is shown in fig. 71. 

"Id this figure the npper curve is au ideal representation of the 
inf iiBify of the current consequent upon the variations of distance' 
between the reels and' 
the magnets, aud 
such as would be ob* 
tained by taking no- 
thing but these varia- 
tions into account 
preseuta a perfectly 
symmetrical outline. 
But this variable cur- 
rent, being able to in- 
duce a second circui! 
will induce its own 
such a manner that 
shall hiive very uearlyl 
the time curve of the] 
intensities of the cur-, 
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adding algebraicjiJty the ordiiiates of tlie superior curve to tbose 
of tbe second, reduced to a certain ratio. The final result would 
be to destroy the syrametrj', and to displace the minima, as if 
there were some impediment. 

C. — ApjMiriiiua o/Saxton. — " We sball readily perceive that it 
WW oot li^sirable, auU thut it was perhaps even objectionable, to 
h»re so massive an electro-ma^et as that of Pixii; wliile, at 
tlie Bwne lime, it was desirable to increase, as much as possible, the 
power of the jiermanent magnet. It therefore became more con- 
venient to fix tbe iatler, and to render the former movable. This 
was done by Saxton, who made Pixii's instrument approach 
nearer to portability by 
placing a fixed magnet bori- 
zontully (see fig. 72), and 
by causing the electro- 
mi^et, or induced reel, to 
tun v[um an axis parallel 
to the plane of the magnet. 
"It is therefore still tbf 
piitciple of Pixii that ue 
find in this instrument; 
which, ahhougb present- 
ug in arrangement less 

dttirable, in a theoretical jioint of view, has none the less prepared 
u» way for the employment of magneto- electric instruments in 
nsdicine." ^ 

In this instrument, the handle causes the rotation upon its axis 
if the armature of soft iron which carries the reels. 

U— fSorie'e apparalus. — There was yet a means of rendering 
tie instrument still less cumbrous, without occasiouing any notable 
diuioDtion in its power: tliis was, to 
■axler the magnet A vertical, ami 
to cause the electro- magnet to move 
mai a horizontal axis X X' (fig. 73) 
Ui mch a manner that the extremities 
of the electro-magnet revolved in a 
plane parallel to the branches of the 
Jienuanent magnet, 

"Such an arrangement was realized 
by Cbrke, and is shown in figure 74, 
A represents the permanent magnet ; 
•nd His the axis on which tbe electro- 
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nubguet tarns. Tliis axis oarnes a [Hntoii, over which p«i 
TancanHOD's cluiiu, carried by the large vheel E, whirh is 
tamed by a handle. 

"The electro-magnet ia do loDger, as in Pixii's in^Tnii 
a single btu- of soft iron curved into boise-sboe shape; 
eoaaete of two 
leejs, G and F. the 
inm centres of «f»di 
united, on ooe aiie, 
a traverse of tbe sai 
material, and no the other 
Bide by a traverse of a 
material that is not m^- 
netia This arruncrement 
is eijnivaleat loan electro- 
magnet formed in a dngte 
piece, but it is more Msy 
of construction, and less 
cumbrous. 

"The analysis of the 
currents produced bj thia' 
last apparatus is tbe si 
as for that of Pixii'e ; 
currents changing theiF 
direction at each half- 
revolution of the roeb. 
When it is desired 
have a current always ii 
the same direction, it is necessary to interpose, between the 
and the place where the electricity ia to be used, a contri^ 
which has received the name of the Redresaer of the cut 
the Commtiiator. 

" The following is a description of this contrivance, in Clarl 
instrnment : — A collar, H, formed of noti-condncting materia]^ 
monntcd on one of the extremities of tbe axis on which the 
turn ; and two metallic half-cylinders, separated from each ot 
by two small inler^'als at diametrically opposite points, are pli 
upon the collar. Each of them ia permanently connected 
one of the ends of the wire of the reels ; and two springs are 
stantly applied over the Iialf-cyUnders. By the rotation of tii8 
axis, each of the half-cylinders comes sacce«ively into contact 
with each of the two springs, 

" When we wish to display physiological effects, we can employ 
he fum-ul without the commutator; but the effects will then be 
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of slight intensity. The power of the ahoclf may te increased 
by utilizing & final extra cnrreut that may be produced fay the 
following contrivance. 

" The metalhc plates 51 and N, eoniraiinicflte witli the c-oiiductors 
R and S, wliich are represented iu fig. 74, and tlie circuit being 
coaipleI«d by any part of the humua body, if ne tlien make a com- 
mauicstioQ by a metallic arc between the two half-cylinders, the 
curreot will take, by preference, this direction, in which the resist- 
»nce is extremely weak, rather than pass through any part of the 
body, so that the latter will receive scarcely anything; and, more- 
OTer, the current of the reels will have its maximum of intensity 
for the given speed of rotation of the instrument, since the external 
resistance is almost nil. If wc then interrupt the metallic com- 
tuanicatioD betweeu the two half-cylinders, the intensity oC the 
catrent will be reduced almost to zero by the great resistance of 
Ha human body, and it will induce in the reel a current of inter- 
ni|itIon, of which the intensity is very great, as its electro-motor 
force 19 conaideraiile; and which, during its short duration, will 
poaaeas a new physiological quality. 

■This extra current will be stronger, in proportion as the cur- 
rent, by the interrnption of which it was engendered, was itself 
note powerful ; atid it ought, therefore, to be produced at the 
moioent of coincidence of the poles with the reels."* 

E. — Pace's instmmeiU. — "When we approximate, or remove, 
» piece of solt iron to or from the polar extremities of the per- 
oiinent muguet, we produce in it^ branches variations of magnetism 
*liieh may be used for the induction of a circuit. This has been 
done by the American physician, who has given bis name to the 
iDttmment next to be described. 

"Page has surrounded the extremities of the branches of a per- 
nitincnt magnet with coils of fine and long wire; and by means 
of a screw, worked by the handle D (lig. 75), this magnet can be 
moved nearer to, i»r farther from, a bar of soft iron, E F, which is 
Diuiiiitod perpendicularly upon an axis, carrying a pinion to which 
rapid movement can be communicated by a large toothed wheel. 
The movement of the magnet is a means of graduating the inten- 
iity of the currentJ' that are produced. These currents are con- 
nected, as in Clarke's machine, by a commutator mounted on the 
wme axis as the soft iron ; to this is added an interrupter, K, of the 
*«nie kind as has already been described, and which is arnmged for 
lie production of an extra current, required for physiological action, 
the instrument shown in fig. 75, the position of the commu- 
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nuide easily portable, and adapted for use in practical medicine 
(fig. 7B). 

" The means of graduation are ihe same as in Page's inBtniment. 

"MM. Breton, f'otJowino; the example of M. Diichenne, wound 
two coils of wire round the branches of their permanent mBgnet ;° 
the external is formed by a finer and longer wire thiin the interna), 
and they can, at pleasure, utilize the induced currents that are 
developed in one or other of these culls, in the effects of which they 
can discover certain differences. We shall examine this question 
more fully, with reference to the instrument of M. Duchenne." ' 

H. — Gaiffe's insirument. — "This is at once the instrument of 
Saston and of Page ; or it may be described as Page's instrument, 




in which the bar of soft iron has been replaced by Clarke's electro- 
ma^et (fig. 77). 

" The chief merit of the maker of this instrument has been to 
understand that, as magnets have a force relatively greater in 
proportion as their weight is less, while the induced forces rapidly 
increase as the distances diminish, there was every advantage in 
reducing the size of the apparatus, when tension, rather than 
quantity, is desired. 

" Thus, the magnet of the instrument, represented above, weighs 
only half a kilogramme, and will support about five kilogrammes. 

• Le Boui, p. 31. iinii weaker than Uie prespnt one. The 

' This arragcmcnt of the magneto- former in that wbieh i» ^netally to be 

elGctrif! apjiaraCiu of the MM. Breton faimil in the Psria hoHpitalB, sllhoiigh 

is quite ruceul. Their orig;inal iustru- the Utter is ranch to be preferred on 

ment had onl; one coil ; and it ie smaller Kccoimt of the recent improTenient. 



I LOCALIZED ELECTRIZATION. 

The coils of the armature are formed by a wire one-teoth of Jj 
millimetre in diameter, and about 170 metres iu length; thoi 
of the magnet are formed by 280 metres of the same wire. 

"M. Gaiffe considera (hat the coils of the armature fumid 
about two-thirds of the effect, and those of the magnet one-tliiK 
only. 

" The (currents of the armature change their direction twtoi 
during one revolution of the axis on which they are carried, whitef 
those of the coils rolled round the magnet change lour times, — the 
maxima of the two first being considered au coinciding with two 
of the second ; and it may bo said that, by an arrangement of the 
wire, the directions of the currents are the same. As the currenl "" 
change their direction in the reels of the magnet before the] 
change in those of the armature, their efl'ects are at one momei 
in part destructive of each other, nnless controlled by a com 
mutator arranged to correct them singly in proper time ; but Ihd 
addition would be an extreme and perfectly UBeleas complicaticn 
because the currents that are produced are utilized by an i:^ 
terrnpter of the kind that haa been described with reference to tin 
machine of Clarke. 

" This interrupter acta only at the moment when the current^ 
of the armature are at their masitoum; because that is the tim 
at which is established the additional action of the two currents. 

" The apparatus also possesses a redresser of the current analot 
gouB to that of Clarke, bnt with no other office than to give t 
same direction to two discharges which are produced at each reT<>3 
lution. This direction is indicated by marks on the binding-screw 
which serve to give attachment to the conductors ; and the f 
niahing of such marks is a care that cannot be too strongly recoiS 
mend«i to manuiacturers. The direction of the discharges ii 
a matter of indifference, and manufacturers should undertake \ 
furnish to practitioners every possible facility for determining it,"' 

y. — Electro-Dynamic Instruments. 
A. — Bukmlcorff'a Lidv^fion Coil. — "In the cases, although tbefl 
are somewhat rare, in wliich sparks of high tension are required,* 
there is no better source of them than the instrument which has 
gained for M. Euhmkorff a well-merited celebrity. We give (fig. 
78) an illustration of a small model, which produces sparks eighl 
or ten millimetres in lenj-th, and which can be borne when then 
do not succeed one another too quickly. These coils of relativela 
strong tension may replace the electricity of the ordinary frictioi 

' Le Roiix, lac ait, p. 31. 
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Klg. 78.— RnhmkortTi ii 



lines, especially when they are furnished with an interrupter 
giving isolated discharges at the pleasure ff ihe operator. 
{a\ Rvkmhorfg hos- 
pilal ajfparatus. — " M. 
Ruhtnkorff has recently 
arranged a portable, ap- 
paratns, designed espe- 
cially for hospital use, 
and in wfaieh are com- 
liined the conditions 
most essential to secuni- 
the r^ular employment 
of induction currents. 

"This apparatus (fig. 79) contains two elements of jiinc and 
eorbon with bisulphate of mercury ; the zinc can be more or less 
deeply immer&ed in 
the liquid, as a means 
of graduating the in- 
ductive effect. One 
of these elements 
snftices for ordinary 
casee; the second is 
especially as a re- 
serve. The motle of 
graduation is by the 
greater or less inser- 
tion of one coil within 
the other, by which 
the effect can be 
reduced, if needful, 
almost to zero. The 
trembler is that of 
Neef; and the fre- ~ ^^ ' 

queacy of its inter- ig. ■ .- i m ■,• , .niorii a. 

rnptions can be regidated by means of a screw. A star, moved 
by a small handle, enables the operator to produce intermittent 
effects. 

"Tliis instrument gives either the extra current, or the induced 
cnrrenl of the first kind." 

{by Bukmkorff 8 portaUe apparatus.- — "The same manufacturer 
has also long made a portuLile apparatus specially intended for 
private practice, and which is of much smaller bulk than the fore- 
going- 
It contains two elements of nine and ciirlion with bisulpliate of 



OG 




mercury; and tlie elemeots are esfremely simple. The carbon is 
obtained from the inside of gas retorts, and is in tiie form of little 
Clips, in which are placed tiiin plates of zinc. The nionnting of 
this battery is very easy ; and its action continues sufficiently long 
for most applications. It must, it is true, be mounted and dis- 
mantled at each time of iiBiiig. 

"There are two coils, which act precisely in the same manner, 
and are, indeed, one coil divided into two. The graduator ia a 
copper covering external to the coils. 

"The interrupter is the trembler of Neef; and a star outside 
the box permits the production of intermissions. 

" The apparatus gives, at pleasure, the extra current or the in- 
duced current. 

" It is represented in fig. 80 at one-tliird of its natural size." ' 

(c). Dr. A, Tripter's apparatus. — This is a non-portable apparatus 
with a detached battery. I liave reproduced the author's illustra- 
tion, and part of his description.* 

*' In this figure (fig. 81) the induction circuit is that of the reel 
of fine wire, B; the commutator C, and the hanille D are bo 
arranged as to convey to it the battery current, the electrodee of 
which terminate at a and a'. The rheophores attached to the 
polar extremities of the circuit B receive, by two hanrlles, the extra 
currents of high tension that are developed in the circuit. The 
rheophores attached to the reel B' proceed each to one of the 
branches of a foi-ceps for experimental purposes, and afford induced 
currents of low tension, 

"The endeavour of M. Tripier is certainly praiseworthy, and it 

* Le Knux, lot. ril., p. 50. | DfTorta that, armrdin^ tn the ntithor, m«7 

* Tripier, Manuel d'lflrrtro-tlufrapir, bo obtained b; combiDatiooa of difftmmt 
Paris, ItUM (which eiv. For tlie difTerent { parta of hia apparatus). 
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IS a matter of gr^-aX inter^^ in be M« to compare the eSe<7ts pn>- 
doced noder ctirnmstanrcs that aiv T^rr diffeivDt. and iBurra««r 
wed defined. Bat .. 
was, peiliape. not wise .^K.^ 

to seek tbe means ot* 
this cosnparattve sUi<i\ 
ID aer>mplexa[>paran]s. 
in whicJi tlie liDildio^ 
up fit diSerent part- 
aboTe UQe another 
iniglit create a direr- 
sity of eonditions difti- 
calt to estimate, — snch 
as differences of di^ 
tance, of intensitv, &i: 
Iq the perfonnani'e of 
ehamber ex[>erinients 
it is morli more sirn fk: 
more exact, and also 
more economicul. to 
l»Te a munber of reels 
b which a single con- 
dition varies from out 
toanotber. and all Slip- 
plied by a single inter- 
mpter id which the i 
motor is indfpendenl 
of the activf current, ■=~', 
as arranged in sonn.- 
aodels of the inter- 
ropter of Foucalt" 

(i). The a})para/ii< 
ofDuBoisReymond.'i^ 
of SUniens and llaM-^ 
— ^^The battery cur- 
rent is brought to tin 




* A. A'. bindiiig-«cn!WB, In receive the . win\,n>utBiiiiti)i: ui elertro-nugnpt, nhirh 
dtcbodis of one of Ihi; batteries ; n. a'. K^tiiMea the intcrroptioiui of the eiicuit 
Unding-A-rewa to receive the clevtmlGa of thf wcl IT, when tltii it trarened 1^ 
(f the other battery. B, re«l on which U tho bnttery-pnrrant. E, head of the 
ooiled the Sue wire : h. small koI of Qnc stem whieli eonlinm's the ceutrol electro- 
win cnntuaiiig within it an electro- oiagnct, and forma a handle For it. G, 
rM|pi«l, which regnloloi the circuit of com mutator. D, fauiille. placing the mp- 
du pieoeiliijg. B, reel on which is ooilcd paratus in eoumiuiiLcatioa with one or 
Um thick Hire : l>\ a rntaU reel of thii-k other of the balterJea. 




T <iBd widi ft be ^nm, laay estlxr eorer the 
renoved to « '****t'''~ fron h. Hub is 



"^ Tbe i M uct J ve o>il ooataow wires of soft irort), the namber of vUdi 
aujr be varied w as to gndaste the e&cts in snotbeT man&ec 

**Tbe appantoB ifl ra^ ample, aod rery «dl coatrived mdi 
negnnl lo experimeatfttMa, and for all Uiat n^ank the gradoatian 

of tb« ttnim^ <r«rrents." ' 

(«), JIoriaM afparaiu$.~~'' This instrniiteiit ^u one of the fitst 
tu fulfil lb« oonditkins of cooTenience required fiir the c 
out of Rlectro-therapentica id pri\'ate practice; and anuHig 
aumt nwfful of M. Morin's anangemeiits maj be reckoned the clue 
<;tiinbi nation of the battery and the induction coil. The ■ 
lyinalioD was the more dilficnlt, as it was accomplishes! under the 
(ym'littoD of emplojing a Bunsen'e batt*-rT, only slightly modified. 

"Fi{;. 8I{ give* a general riew of the apparatus. The batt^rjr 
and JtN aiweaaoriet are placed in the division to the ri^ht. A is a 
planchctte, to nhich is tixed the induction apparatus properly so 
cali^ ; and at A' the same system is shoAn uncovered, 

Fig, 84 exhibits a section of the coil. D is a tube of tin, whi 
CftD be witfailrawn at pleasure, together with various rods of i 
wire; G la « movable copper cover, which acts as graduator; 

' tj»ttaax,liii.eil.,p.i3. TheorigiDal inSiieiia^ur the coils, (irvhicl] UieoL 

{tutmmraUodnj'nirn.preMDtedin 1848 nae «u monbte. This diraoaition t 

la Uio Arailumj'. (.wl b ntovabln lurangp- beeo imitottd by M. Da Boi>-B«j7— 

auail tit tlii> roit*. Uur thirk wire bping liihBllprewntlfexplmiDrnrwbAtn 

lotmuil uihI Hind; anA wi-ri' eia^nBted nijwir Bhandoned it. 

In Hin nuiu' ciianncr liy Uu- ni-ipinral ' lb.. |i. 54. 
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conies the fine wire tbat is the seat of the induction ; aud the thick 
or indactive wire is placed external to it. At e is a suiall piece of 
iron screwed into the wood of the reel ; it becomes magnetic under 
the influence of the current, 
and attracts the coutuet- 
inaker d. This is furmeil 
bya plate of soft iron jointed 
at its extremity to anotlier 
plate of the same metal, a, 
placed at the side of the 
coil in such a manner us 
to be magnetized by the 
iud active current and to 
increase the attnictiou. It 
has no antagonistic spring, 
— ita weight rendering one 
unnecessary. The contact- 
maker d carries a smalt 
plate of platinum, which 
strikes npon another jilati' 
of the same metal, the dis- 
tance of which is regulated 
by means of the stt-m ter- 
minating in the knob h. 
This knob, after it ba^ been 
tiimul a certain number of *^b- m.— Appmu 
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less rapid iiilermiaaions. 



jions, at the I 



^^^1 times, serves to prtxliice more 

^^^H pleasure of the operator. 

^^^H " At L is a movahle aticl ilcxible lever, vViich serves to establish 

^^^H comraimicntion between the coil iind the battery. For this purpose 

^^^^ it carries a stem which proceeds to the platinum, I, that is fixed in 

^^^H the carbon of the battery 

^^^1 " The bflttery (6g. 85) is composed of a copper cylinder, A, lini 

^^^H by thick zinc, E, uiid ^¥ithin tbis a porous vase, C, containing a ' 

^^^M >if gas carbon, H. Within the porous 

^^^1 1 is put nitric acid or bichromate of pol 

^^H %S|J2^^&^P mid pure water outside it. A iid of gul 

^^H f ^^^^HmI pc''<^li^) ^- closes the whole system almi 

^^H H ^^^^^Kil liermetically. 

^^V I ^^^^■tlfl I'li'B butttTy presents the 

^^^ m- ^^^^l^ll iiisepiirable from the use of nitric acid, hut 

it has the tiilvaiitage of yielding a notabli 
(juautily of electricity, with that of being 
prepared beforehand, of remaining many 
liours in action, and of being dismantled 
leisure; while the small batteries of bisoLr;] 
pliate of mercury should be prepared at tl 
bedside of the patient. 

" The apparatus of Morin may be regard( 
us arruTiged to furnish currents fur purposes' 
in which quantity is one of the elements 
to be regarded; while most of the otlier 
portable instruments have been constructed 
chiefly with a view to tension, and in order' 
Fig.u.— Ei>UA7uri.cg«Hin*iid to attain the mean limit of efft-ct lised by 

UDiiaiiDitiiitiwnt. ^^^ sensibility of our organs. The invent 

was desirous, aceordiiig to his own expression, not merely to 
struct an apparatus ior giving shocks, but one that should 
truly physiological, 

" The apparatus gives the extra cuiTont, the induced current,' 
and the two together. M. Morin appears to have beeu the first ts 
employ this combination." 

(f). Hie insiraine7iia of M. Gaiffe. — This ingenious maker lon^i 
ago constructed a small and very portable apparatus, represented'^ 
at one-fourth of its natural size in tig. 8(i. 

" The battery and the induction coil occupy two separate coi 
partments, opening independently of each other. The battery ij 
compOBed of two elements of zinc and bisulpbate of mercury, 

' ijB Boux. ]>. 73. 
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tained hi » cell ot banl i-Mwt<:iiooL\ at tbe luttMn t^ vrhicb at« 
filed tiro plateB of g ax artpou. The pUlinom wires Uut fstuUtsh 
the eiimmoaicatwD ant imberided ia the maai, auil pn.>jtvt bcytUHl ' 
it; tbe t«o line pbte* lie flat in the plare |>re'[i«i«U tx iWm; 
flud the appantoa rnjnires aotlm^ beyond the esUbli»hnieut t>f 
llie cotamnnicatioDs, — nothii^ can be tniwe eftsr of manipotatiou. 

"The appsntas farntshes tbe extra current, ihe imluixx) cur- 
'HlI, and, if needed, the combioatioo of the twa The iximmiinU 
^'Uions are e»sv to make : since )I. Gaifle has lakm the jmt-nutiuu 
^ mark the direction of the currents ui>0D tJw bindiiig-».'ren 
"'^t receive the conductors to tiie rheophores. 

" In the figun>, L is the small cell of caontchouc, oontottiiDg tlio 
'^■tk elements of the battery. E, a tabe containing a provision i>r 
'''^•i.lphate of mercnry; M, indaction coil; K, kuub of the gra- 
■lu^tor tube ; 0, Q, pieces of the trembler ; P, kuob that is proved 
"Pon to produce isolated interraptions ; N, cylinders; T, various 
«><?itftrs. 

^^etp-paltem chloride of silver haltery. — " 51. Guifle hus *r- 
•'^Kkged u new pattern, the felicilons eombiuation of which pnicti* 
'''^Kkers will not fail to appreciate. He has been etinuilatrd bv tho 
**^mple of M. Tronve, whose hermetically seiiled pild will pn>- 
'^^^tly be de^ribed; but he has known how to avail liiiUMlf of 
^^ vaiunble properties of tbe fused chloride of silver.* I*i which 
"^^. Warren de la Rue has recently called altcutiun, Kiich of the 
^' ^luentfi of the battery contained in GuitTe's Hpi<unituii is txtinpotiixl 

-_* A batteiT of Bait water, chloride of 
*J'*er. uid iron or zinc, hud betn dn- 
^Ojed, nearly thirty yean agi), by M. 
^^cqnerel, in his researclipa upon the 
^^vtru-chemieal tieatiuent of thu ores of 
^Ver <Stx BtCL]uercl anil E. Bvequerct, 

•Wb-J^wrfneiW. torn. ii. Parin. ISM). 

't Hkri^Dary bag coogtrocted n battel?. 

*^lin<% pore «ater, nnrl fuiied chloride of 

•(l»cr I Comfta rrni/i« de TAfodrmir. 
4cii Saenett. km. ilix.. l^^). M. K. 



Ben)i»in>l (VvtaoiW mtr Ki ^ ratfiiiyiM 
in AtiHoln dtt Co tu rrjatoirr iln i(rl« tt 
miXim. torn. I., p. SSR, IHOn bu lUlrr- 
iiiini<d Ihockctm-iuotiir roTrpofii fair tn 
which the dnpolkriMtioD iiT Iht- iii'irnlivn 
eleotmdo wm (il>t«tn«d liy |>ri<'ij>iljkl<'<l 
ohlnridonf tdlvorniMKHluiKin a iHniiliniHiii 
of llw iiallonr. H« fuuiul II a Unix In- 
ferior to that of a juir with iiilulialn ri 
copju'r: that it to Miy, vrry lltlJu rhik 
tliau iiaJf tUnt vt a pair wltli iiltrto Miid. 
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(figs. 87 and 88) of a plate of zinc, Z, and a ptate of silver, Y, ovt 
wliich is fused a'certain quantity of chloride of silver. It is t 
inclosed in a coveriog of fine tissae, to prevent the reduced alvf 
bciog precipitated to the bottom of the cell. The whole is c 
tuinei^l within a sort of box of hard caoutchouc, closed by a screwi 
stopper, and filled up with water containing five parts of s 
in every hundred. Tiie projections of pure silver, V, V, to whifl 
the platM Z and T are secured, convey the current outwi 
J, K, is a caoutchouc band, which holds the plates together, wbd 
the intervening cuoulcliouc cushions, I I', maintain them at I 
constant distance. 

" The quantity of chloride of silver is siich that the battery wiB 
continue in steady action for ten hours with constant intensitjq 
the circuit being completed by the induction coil. 

" When the battery is exhausted, it is sufficient to unscrew tlu 
cover, and to attach a fresh plate, Y, of chloride of silver, witl 
which one should be furnished in ailvance. The reduced solve 
being all recovered, the expense consists only in mauipulatioi 
and in converting the reduced silver into chloride. 

" This battery affords the inestimable advantage of remaining 
always ready, and in its place in the apparatus, for any length of 
time without alteration, us the chemical action which determines 
the reduction of the nitrate of silver does not occur unless t" 
circuit is complete. 

" According to the estimate given in the note above, we m^ 
say that M. Gaiffe's two elements are equal, in electro-moto 
power, tc one element of Bunsen'e. 
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" Lastly, the apparatus afifurdB a valuable source of gradaation m 
the power to use either one or two elements, as they are ittde- 
pendent of each other. 

" Fig. 89 affords a general view of the apparatus ; it is entirely 
^JOafauued in the bos A, B, C, B, which is divided into two parts. 



Klg. di.— €hliirUc ul silver Itauij. 

TW first compartment contains the two elements which have been 
described, L L', fixed between the sides of the box, by the springs 
which serve to establish the commuuications. The second com- 
partment contains the coil BI, and its accessories. At oue end of 
tlie coil is the knob B of the graduator tube; at the other, a 
tiemblef, which M. Gaiffe has ingeniously modified. Instead of 
ita being regulated by a screw, which, in inexperienced bands, 
t&ea strains the spring, it is under the control of a bent lever, P, 
which may be depressed to the position P, where it serves aa a 
pedal for the production of slow interruptions, when pressed down 
with tlie finger, so as to touch momentarily the small screw O."' 

< Lc Boos, p. 59, loe. eU. 



n06 LOCALIZED ELECTHIZATION. 

(g). Treiuvee eledric roH. — " The small iDiluction coils con- 
structed L>y this skilful meciianii-iim are chefs d'cewvre of in- 
<;(iDiiity and precision, One of these coils is 
shown at B, in fig. 90, at half the natural 
size. 

" We have already dfiscribed the inteiv 
rupter employed by 31, Trouve. 

"His coil is composed of n very delicate 
plate of Hoft sheet-iron, rolled into a helix, 
and surrounded by a copper graduating- tube, 
the end oF wliic-h is seen at 0; the inductive 
wire and the induced wire are placed end- 
wise; the first forms six layer.*, the second 
eighteen. 

" Tho knobs for the rheophores are placed 
at 5 and 1. The extra current of the twQj 
layers, the complete extra current, 
induced current only, and the combination'! 
of both currents may be obtained. 

"Single intermissions are produced bjrj 
interrupting with the hand the contact I 
tween the battery and a small knob attAOhej 
"MWHW*!"^ to the coil for the purpose. 

"The battery, which is shown nt A. 19 1 
tf* "'^ bos of hard caoutchouc, closed by i 

lid, whii^h carries a cylinder of zinc, a littlv 
less than half the length of the box. Tho ' 
latter is half filled with water, to which ia 
atldod three or four grammes of binulpbate 
tht mercury. It follows, from this arrauge-a 
ment, that the battery only acts when 1" 
box IS placed with its lid downwards, Thu 
L barged, it will work for about an hour and | 
halt 

"The effects of this small apparatus i 
c;oraparatively remarkable, and are to 
explained by the care shown in its com 
tion, by the complete insulation of all in 
_ parts, and by its perfect combination of t 

conditions most favourable for producix 
the results that are desired. 

" It 13 only just to add, that M, GaifTo long since prepared tkl 
way for the manufacture of smnll induction coils: but M. Tronv^ 
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f IL— CWwrf wwrffw 
of Ae |BTt^ «l dMtn>-ac£cal JMliyuimti, » 
_ ai otder, «UA hat beiB gma ia Um yntcdiig 
] «Udh kaa beei n gmt |«rt ^ated fiom tbeesodlMit 
iror]LLeB(Ma,hM bnnght MfficieBtly iato rUpT tlkeir 
■cHt^ at leut fiom tke pfarrioJ point of t>(>«. 
> ihej fiilfil tlie leqairemaits of locs^ned &ndintiitD. as 
r to like 1 1 ' j-.™>^u> ei^MfiaMnls (whtc-li, in tay 
J luTe tlmnm so mndi Hsfat npoit the {iliysiologjr of 
looniDotkHi). cr to electaMBosrakr testi]^ (which oA«k deoiclw 
ttie diagDooB of io tamny moscaUr affections), or to the tnatncol 
oTdisonleis of the cmtral or penf>h«al inD^ratioD, of BcasilalitT. 
of notflitT, cr lastly, of nattition ? To dedde sach a questkin, it is 
neresaanr to fOs^es some anatomical and phjeiologkal kiMwlt'<ilp\ 
ui<I h> hare acquired, at the bedade of patients, sufficient |tmt-lii'<al 
Wperit-nce. 

The physicist whom I have quoted (M. Le Boas) has n:t$«?)y 
»pt silence upon the pmnt; thus implicitly declaring htniacif 
■ucutujietent to deal «itb a purely physiological and medical 
question. In order to ascertain whether all induction instiumeiits 
liiwsesa the whole properties wliich woiil<l render them appliculile 
to tLe e]ectro-ph_vi.ii.l(^icaI and clinical studies which I h«v<t 
•described, and to the fultilment of certain therapeutical ludioa- 
tiona, I must inquire whether they have been constnicte*l with the 
ptijsical and raecitaiJcal conditions necessarj- for tlic iittaiaincnt 
of these properties; or, that is, whether ihey possess, — I. n double 
induction ; 2. an exact graduation ; 3. intermissioua, rapid or 
<jow at pleasure ; 4. a sufficient deirree of force? The cousidcTH- 
tiOns which I have already stated with regard to the utility of 
thrae conditions, which all electro-medical iustrnments should 
'^t^nibine, render it nnnecessary for me to outer upon the subject 
Slew. It will be enough to state briefly the principal facts upon 
*liicli my critical examination will be based. 

1. Magn^o-eteciric tnstruihenfa. 

(A). DoaUe itiduclion. — Wimtever may be the physical theory 

"f the phenomena of double inductiou in mi^netoi 'Ice trie iuHlru- 

nients — -a theory on which physicists will, I ho[M, bofore long 

agree, — it cannot now be denied that the currents which procgod 
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from each of the two coila exert, as in the electro-dynamic instni- 
meDts, physiological actions which distinguish tbem apart, and 
which Beverally fulfil special therapenticAl indications. 

It follows from the facts, the experiment*, and the considera- 
tions, which I have already stated (Chap. I.) : — 

1. That the carrent of the second coil excites the retina more 
acutely than that of the first coil, when it is applied hy moist 
rheophores to the face, or to the eyeball (see A, p. 23). 

2. That the current of the second coil excites the cntaneons 
sensihility more acutely than the current of tlie first coil (see 
B. p. 24). 

3. That the current of the first coil excites, more acutely tlan 
that of the second coil, the sensibility of certain organs situated 
more or less dee[>ly beneath the skin (see C, p. 24). 

4. That, in faradization of the nervous extremities hy reflex 
action, the current of the second coil produces more energetic 
muscular contractions than the current of the first coil (see 
D. p. 26). 

5. That when the moist rheophores are applied to the cntAneoos 
surface, the current of the second coil penetrates more deeply 
into the tissues than that of the first coil (see E, p. 26). 

6. That the different phj'siological actions of tbe currents of the 
first and the second coil cannot be applied indifferently in thera- 
peutics (see A, p. 33). 

As a corollary to the foregoing propositions, we may conclude 

that any magnetoeleclru: apparatus intended for taedieal praetice, 

' which does Twt possess firsl and seayiid eoHs, canMrvded with certain 

t rdaiive proporlions of length and diameter of wire, vtiU not fulfil aB 

the requirements of therapeutics. 

The foregoing considerations have not failed to exert a great 
influence on the manufacture of magneto-electric instruments. 
Indeed, either from understanding the importance of the matter, 
or in order to supply the demands of physioians. the makers of 
the magneto- electric instruments most generally found in medical 
practice (JIM. Breton fr'eres, and Gaiffe) hare applied double 
induction to them. It is, doubtless, from forgetfulness that M. Le 
I Boux has failed to mention this important feature of Gaiffe's 
I instrument, on which, in other respects, he has bestowed a merited 
eulogium. The omission is more to bo regretted, since thb skilful 
manufacturer has endeavoured to find those relative proportit 
diameter and length of wire, with reference to the power of the 
magnet, which wilj give lo the coils the maximum of their different 
physiological action. M. Gaiffe manufactures a small, a medium, 
and a large magneto-electric instnimeut, and it is to the lost two 
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that he has adapted tlie double induction. It ia to be regretted 
that the Paris hospitals are supplied oiily with tlie first or small 
model, which ia insufficient, not only on account of tlie weakness of 
its current, but also i'rom the absence of the current of the second 
coil. 

MM. Breton freres have manufactured a large and a small 
magneto-i'lectrie instrument. According to M. Le Goux, they have 
endeavoured to add the double induction to the former, 

I have had occasion to examine the differential action of the 
two coils in one of two of these instruments which I found in one 
of the Paris hospitals, and, to my great surprise, the distinctive 
characters of their differential action were scarcely appreciable. 

What could be the reason of this ? Have MM. Breton observed 
tlioee proportions of length and diameter, which the wires of the 
fitrt and second coils should jiossesg, with regard to the uiitial 
force of the magnet, in order that double induction may be pro- 
duoed? Are the two coils perfectly independent of each other? 
Kot having unwound them, I am unable to explain the actual 
nason. It would be easy for these skilful manufacturers, who, 
by having been the first to construct portable magneto-electric 
itutruments, have so much contributed to popularize the applica- 
tion of induction eurrcntf^ to fulfil the desideratum which it has 
been my duty to point out. 

B. — Slow or rapid intermisaiom. — In the part (Chap. I., Part 
I-) in which I have described the properties and the particular 
arrangements which every induction instrument intended for 
medical practice should possess, I have made knowu the special 
action which slow or rapid intermissions exert, — 1, upon electro- 
Qusciilar contractility ; 2, upon muscular sensibility ; 3, upon 
uoacular tonicity; 4, upon muscular nutrition; 5, upon electro- 
ontaueooB sensibility. 

Lastly, I have passed in review the chief pathological conditions 
in which rapid intermissions should be preferred ; and also those in 
vhich they are forraallyi contra-indicated, and in which they 
should be replaced by intermissions more or less distant, on pain 
of sometimes occasioning accidcuts. It follows that any magneto- 
electric apparatus which is not so constructed as to yield currents 
with slow or rapid intermissions, aceordiug to the therapeutic in- 
dications to be fulfilled, will be inapplicable in a great number of 
cases. 

This has been well understood by M. GaifTe, who, in imitatJOD 
of my magnoto-ciectric instrument, allows the electrodes to receive 
raly one or two intermissions for each revolution of the large 
wheel. 
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It is to be liuped that all other manuractiirers will follow an 
example that, is easy of imitation. It would be a gi-eat step in 
advance. 

C. — Oraduaiion.— Every medical induction instrument sbouM 
afford a means of distribating its currents in doses proportionate 
to the very different degrees of excitability (whic;h may depend 
upon the state of health or upon the state of the disease) of tho 
sensitive or motor nerves, of the muscles, and of other oi^ans mom 
or less deeply situated (see § IV., p. 241). Moreover, the gradua- 
tion should be exact, and should range over a sufficiently extended 
scale. 

Without these conditions, magneto-electric instruments are often 
inapplicable to medical practice. 

Tlie instruments of Pixii, of Clarke, and of fiaxton are entirely 
without graduation. Piige was the first who endeavoured to obtain 
it, by rendering tho magnet of his apparatus movable (see fig. 75), 
BO that it could be placed nearer to or farther from the soft iron. 
The idea rested upon the piinciple, that, in a magneto-electric 
instrument, the farther the magnet is moved from its soft, iron or 
its electro-magnet, the more the iuduL'tive influence of the alternate 
changes of state of these magnets will be weakened, and viei 

Since then, this method of graduation has been imitated by moR| 
makers. But it is very defective, because there is no proportioq, 
between the divisions of the graduator and the diminution ot; 
augmentation of the intensity of the current, when the magasi 
is moved farther from or nearer to tlte soft iron. 

The graduator is, in general, a small metallic stem, which serrc* 
to draw back or to push forward the magnet. It is about a cent£i 
metre and a half in length ; and its action only becomes seusifald 
in its second half, because, in the first half, the soft iron does not 
exert on the magnet any physiological influence that is appreciabla; 
in man. From tlie commencement of the second half, or tfaera^ 
abouta, of the graduator, the current increases in enormous prqi 
portion (in geometric ratio, or nearly as the square of the distanos)i 
It is impossible exactly to apportion the power of faradization t^ 
means of a system that is so irregular. 

Moreover, even if the movement of the graduator and the increaai 
of the force of the current were in exact relation, or, in other wordsi i 
if the increase and diminution of the intensity of the current were 
in arithmetical proportion to the movement, the system would still 
be inapplicable to localized faradization, either for physiological, 
pathological, or theraiwutical jmrposes, because it is not made 
upon a scale of sufficient extent. 
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I has been seen, however, that I have applied the system of 
to my magneto-faradic instrument (with the difference, that 
id of the magnet, it is the soft iron that I have made movable), 
I bat that I have employed it only as a moderator of the currents (see 
E, p. 2S2), that is to say that its purpose is to convert a very power- 
ful magneto-electric apparatus into one that is more ur less feeble, 
the stronger or the weakest doses of which I measure by metallic 
graduated cylinders (see D, p. 282). This system of graduation 
by cylinders ia only applic-able to coils rolled around the magnet. 

2. — Electro-Dynamic Instruments. 
A. — Double Indudion. — The differential electro-physiological ac- 
tion of the currents of the primary coil (extra current), and of the 
secondary coil (induced current), is incomparably more marked in 
the voita-e lee trie than in the magueto-olectrie instruments. More- 
oTer, we obtain from the fonner, in small bulk, a mut-b greater 
' power. These are the chief reasons which render the volla-electric 
iiutrumenta the most useful for medical purposes, and which have 
gsined for them the preference in practice, and especially in the 
Faria hospitals, where they are more common than magneto-elec- 
tric instruments. 

When I eommcuL't'd my researelies (towards 184C), the electro- 
dynamic instruments had usually only an extra current ; and those 
which possessed douljle induction, like tlie apparatus of Bognetta, 
coustructed by MM. Breton fr'eres, used only the induced current. 
Rot, einee I tiave shown that the extra current and the induced 
current exert difl'erent actions (which compelled me to ivrito that 
diey possessed difl'erent physiological properties, an expression si> 
much and so unfairly criticized by the MM. Becquerel), llie makers 
have eii4 favoured to construct iustmmentA which should yield one 
or the other current, at pleasure, according to the indication to be 
fnlBUed. 

It is necessary to know tbat, in order to obtain an extra I'Urreut 
of sufficient intensity to lie useful, tlie wire of the coil must be of 
toQicient length. I have not found in any eleclro-dyuuniic np- 
poratU!!, even the most bulky, a snfBcient differential action 
between the cnrrents of the two coils, which evidently dei>ends 
upon a fault of construction (a defect in proportion between the 
Imgth and the diameter of the wire) ; in some instruments, I have 
even found no difference — which is to be explained by a fraud that 
I proceed to describe. These instruments have but a single (-oil, 
m[«)8eti of a thick wire (about hall' u milliraetrfi in diameter), of 
itlcient length, and continued by a wire that is reUtively 
« (from a sixth or a seventh of a millimetre in diauieter). 
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elMtrodes receire tbe carrent from tii^ thick wire, and tvo othen, 
wbicb commnnkate with Uie extremities of tlie fine wire, receire 
the eorrest of the entire helix, which is then eompaBed of a thick 
wire in its first port, and of a longer and verj fine wire in its 
Moond. Every one will uoderstand that these electrodes can only 
gire an extra corrent proceeding (ma the same ooil, and that th^l 
cnrrcnt of the entire coil nill be more intense than that of its fiitfH 
portion ; bat that these ciurents cannot poasesB the differeotialB 
properties of the extra c-orreDt and of the indaeed current. Such 
iuetmmentij are sent into the market as if they possessed both. 
Their maonfactiire is, as may be imagined, more simple and less 
costly than that of double-induction instmmeots; but the purchaser 
is deceived. It is fortunately easy, when forewarned, to discover the 
fhind, by the absence of the dififerentittl properties of the correntSL 

B, — ItUermwsions. — Formerly, the electnnlyuamic iiifitramentfi 
made only rapid intermissions, obtained either by wheels aualogoos 
to that of MiUMon, or by tremblers constructed on the principle of 
tho apparatus of Isceff 

At present, matt of tlie instruments aSbrd, at pleasure, either 
slow or very rapid intenQissioos. But each of the slow intermis- 
sions should be perfectly isolated, distinct, and without vibrationsL 

The slow intermissions of the large electro-medical apparatus of 
Huhmkorff (see fig. 79) are deceptive; each tooth of his star- 
shaped wheel receives a series of very rapid intermissions &om 
his trembler. I have pointed out this fault of construction to this 
.skilful maker, who has undertaken to correct it, and to produce 
on his wheel defined and isolated intertuissions. 

The intermissions produced by the contact of a metal plat« 
forming a spring, are not always well defined. The friction "give 
one strong intermission, followed by a series of extremely rapd 
small vibrations, which acutely excite the sensibility, and t 
muscular faradization painfuL 

The rheotomes of slow iutennission havo the inconvenience thi 
they either occnpy one of the hands of the operator or require the 
presence of an assistant ; with the pedal rheotome, such as I use 
myself (see Y, fig. 5*J), this inconvenience is avoided. It is to be 
desired that all makers would attach this accessory to their electro- 
dynamic instruments. 

The greater part of the tremblere of electro-clynamio instruments 
give vibratory intermissions. M.Gaiffe has especially endeavour ~~ 
to remedy this defect. 

C. — Qradaation. — When I commenced my researches upon t 
improvements that could be made in induction instruments, ]" 
Breton fr'erea had already constructed, under the direction i 
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Rt^netta, an electro-dynamic appnratoa of doable tDdoction, in 
wbtch tbe gradoatioa of Uie indaced mTreot «as obtained bjr 
gliding tbe coil of tbJck witbiu the coil of fine wire. While 
gradittlly placing tlie first within tbe second, the indaction only 
occarred in tbe spirals that were brought into motiial relation, 
and beoce the intensity was proportionately incrett»f<:t. Tbe reverse 
occurred as tbe fiist coil was wilbdrawTi. This nietbod of gradoa- 
tkm was perfect ; and I originally adopted it for my Tolta-electric 
and magneto-electric inBtromente (see fig. 51) ; modifying it, 
however, in an important manner, and applying it to tbe gradoa- 
tton of both coils (which Rognetta bad neglected because be did 
not atilize tbe extra current,-— not being aware of the differeooe of 
its action from tba,t of the second coil). 

Instead of tbe internal coil (of thick wire), as in tbe apparatus 
of Rognettji, it is tbe external coil of fine wire wbicb I have ren- 
dered movable, and wbiiJi, in covering or uncovering more or leas 
of the internal, glides upon two metallic conducting stems, wliicb 
a communication with the extremities of its wire and with the 
tobfl of tbe electrodes. In order to obtain tbe graduation of 
B extra current by the second coil, I completed the circuit of its 
re, and caused it to move over the first coil. It is needless to 
mf that the graduation was tbe same as in Rognetta's instrument. 
^ This system of graduation was excellent, bnt I have abandoned 
\ since I discovered that metallic cylinders moving over the iu- 
ior and the exterior of tbe coils graduated equally well tbe 
tensity of the currents. Then, instead of constructing two inde- 
ident coils — the external to receive the internal which remained 
—I wound tbe coil of fine wire direclly over tbe thick wire 
1 layer being insulated, it must be understood, by vamisbe<l 
3r). The result was, on increase of the intensity of tbe induced 
cent, by the approximation of tbe two coils, so that it equalled 
e produced in two thousand metres of wire ; and a simplification 
if manufacture. My instrument bud also gained in soUdity. 
, Graduation by the mutual influence of tbe coils (which, it will 
e seen, is of French origin) has been adopted by SI. Rubuikorff, 
^o has constructed whut is known as tbe carriage apparatus of 
L Du iiois-Reymond. 

It was, doubtless, in order to please some admirers of everything 
Bist is done at Berlin, that M. lluhmkorfi' has imitated the ap- 
I of Siemens in liis large medical instrument. (I sbnil 
ter show the inconveniences of this system of graduation, 
scially in Riihmkorff's iustrunieDt.) Tbe preference given by 
t of the Paris manufacturers to my system of graduation by 
illic cyliudei-s, proves that I had reason for my choice. 



1 



LOCALIZED RLECTlilZATlON. 

The electro-dynamic instrumeuts of moderate fopce, even when 
they are graduated to a mi&iiiium, are BtiU too jMwerfal for certain 
delicate applications, such as taradistation of the cliorda tympani. 
1 have desired the makers to add to these iiistrumE'nts u tube con- 
taining water, which I have called a moderator (see F, flp. 52), 
which is designed to reduce the most powerful apparatus to odi 
of extreme feebleneHS, which can then be graduated by means o| 
the metallic cylinders. 

D. — Baitery. — The inconveniencee connected with the use of tbc 
battery, in the electro-dynamic instruments, are such, that they haV) 
induced many to prefer the electro-magnetic instruments. Pract» 
tionera recoil from the more or less tedious and disagreeable mani- 
pulation that is required ; and the least neglect or awkwarduea 
may occasion more or less serious injury to the instniments. Fon 
this reason, makers have endeavoured to remove or to dimiiiid) 
these inconveniences ; and, on this i»art of the subject, I have it. 
reconl some progress. 

(a). The numerous disadvantages of nitric acid, principally ot 
account of the disengagement of nitrous gas, which attacks th< 
metallic portions of the instruments, have caused the rejection (A 
Bunsen's battery by the majority of makers. 

MIL Legendre and Morin have continued its employment fi» 
their instrument, because it is much more [jowerful than otha 
batteries (such as Daniell's, or the bisulphate of mercury d 
Mari(5-Davy), and, while giving a nutabJe quantity of electricity, H 
may be prepared several hours in advance, will remain severd 
hours in action, and, lastly, may be dismantled at leisure. Thege 
makers have, indeed, removed the inconveniences due to the dis- 
engagement of nitrous gas, by adopting to their battery (fig, 8 
a cover of gutta percha, B, wluch closes the whole system almost— 
hermetically. Notwithstanding this improvement, MM. Legendre 
and Morin should ahandon the Bimsen's battery, or they will g 
their little instrument lose, especially in hospitals, the iaToo] 
which it has hitherto enjoyed, and which it, in other respect^ 
merits. 

(fc). The battery of Mari^Davy (carbon, zinc, and solution c 
bisulphate of mercury) may advantageously replace that of Bun-^ 
sen, as being free from the inconveniences which I have describedJ 
It is for this reason that I have employed it for the flat battery o 
my volta-faradic apparatus. 

The majority of makers have followed this example, and the] 
have constructed the elements in a Sat form, similar to that wfaid 
I have used during many years in my instruments; the carboi 
elements being below, covered, with [wwderod bisulphateof merrurj 




for which a little water is poured, and the zinc covering all. (It 
will be remembered that, before the employment of bisulphate of 
iDorcarv, the elements were arranged in the same manner, and 
that, instead of the solution of hiaulphate of mercury, I employed, 
originally, nitric acid, and subsequently dilnted sulphuric acid, 
with which to saturate my carbon.) But the mode of preparation 
of their batteries does not appear to me to give results equally 
advantageous with mine. 

The powder of bisulphate of mercury, that I strew upon the 
imfoA-'e of my carbon plate, is sufficient in quantity to form, when 
moistened, a stratum half a millimetre in thickness. The water 
which I pour upon this paste, when I am about to use it, saturates 
it cumpletely ; and the thick cloth, whieh is placed between it and 
the zinc itself, is well Boakc'l with water. Thus charged, my battery 
vill continue in action for twelve hours, with rapid intermissions ; 
auil for several days, viith the slow intermissions that I habitually 
empKiy. In the intervals between the applications, the zinc only 
is removefl and wiped (so that its bright surface is always amalga- 
mated) ; and, in order to avoid the evaporation of liquid by contact 
with the air, a plate of bard caoutchouc replaces the zinc 

With this mode of preparation, a battery is for a long time 

Hlways ready for action before I am called upon to renew the 

bisulphate of mercury ; it preserves its force until tlie entire 

[^decomposition of the salt ; and there is only occasion to pour, from 

'me to time, a little water ujxm the cloth. 

"~ e bisulphate of mercury batteries, in the small instruments of 
laiffe, Buhmkorft', and Trouve, contain only the small quantity 
{ bddalphate which they can hold in solution ; so that they cannot 
a used for more than an hour at a time, without recharging the 
After using them only for a few minutes, it is necessary 
i time to throw away the liquid, to clean the zinc, and to 
r the preparation for the nest patient. 

stly, 1 have observed that my battery polarizes less, which 
[ attribute to the application, immediately against the zinc, 
f the wet cloth, which forbitls a great number of the bubbles of 
' ogen gas produced by the action of the battery to adhere to 
irface. In other batteries there is nothing to prevent these 
lies of hydrogen from sticking to the zinc, and shielding the 
Mter part of its surface from the chemical action of the battery. 
t therefore advise makers who employ flat and unclosed batteries 
f bisulphate of mercury, to prepare them like mine. 
Thefiask batlenj ofbisuljihale of nieriiury, which M. Rnbmkorfi 
) added to his huspital induttiou apparatus (see fig. 7!J, page 
" "s well Conceived. 
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It recalls, indeed, by its form, its diapositi'on, and its meohanisin, 
the flask battery of M, Grenet, from which it differs by the employ- 
ment of a saturated solution of bisulphate of mercury, in place of 
chromate of potaeh, and by being mounted in hard caoutchouc, 
insti-ad of in metal, which inevitably undergoes amalgamatiou by 
the mercury, and becomes brittle. 

This tlask battery of N. Buhmkorff will work for a long time 
without requiring to be recharged. When not iu use, the zinc is 
drawn up out of the solution of bisulphate of mercury, by means 
of a metallic stem ; and when it is required, it is pushed down 
again into the liquid. This may be done gradually, in such a way 
as to increase by degrees, aud at pleasure, the intensity of the 
current. The employment of this battery will be a source of great 
economy in hospitals, because it occasions no damage to instrn- 
menta, and because its munaf^ement is bo simple. 

But the ilask of this battery is itself seven or eight centimetrea 
in height, without reckoning sis centimetres, or more, for tlie steiOt 
which, when it is not in use, serves to keep the zinc raised out of 
the solution. Iu other words, its size fills a considerable space 
in the apparatus, and its height prevents it from being enclosed in 
the same box. This is the only fault which can be found with it; 
but ita bulk is unquestionably a real inconvenience, and renders 
the apparatus less portable. 

Other manufacturers, endeavouring, like M. Euhmkorff, to 
render the manipulations of the batteries more easy and less 
frequent, have particularly applied themselves to diminish their 
bulk, and to make them more portable. They have enclosed them 
in a box of hard caoulctiouc, by the aid of a screwed lid, to which 
the solid parts of the battery are fixed. These small hermetically- 
closed batteries were at first employed as sources of amusement, 
on account of their small bulk. Conjurors carried them in their 
pockets, and, conveying them adroitly into their hands, set in action 
from a distance, the electro-magnets which communicated with 
them. Notwithstanding the trivial origin of these little batteries, 
their application, as medical induction instruments, has neverthe- 
less been highly useful. 

It is, however, just to say that M, Tronv^ appears to have been 
the first to cuustruct a batt^'ry in a closed caoutchouc box, which be 
called an hermetic battery, and which has already been described. 

M. Gaifie has given to his batteries the same external form as 
those of M. Trouvfi. But their composition is essentially different, 
since they consist of chloride of silver (see figs. 87 and SS). M. 
Trouvffa bisulphate of mercury hermetic battery will only work for 
an hour and u Imlf, after which it requires to be reehai^^d. The 
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chloride of silver hermetic batttsry of M. GaifTe would originally 
AiTDisli continuous action of constant intensity for about ten hours, 
the circuit being completed by an induction coil ; but the manu- 
facturer now informs me that big battery will work for twenty- 
four hours, at least, ill consequence of a modilication that he has 
made in it.' 

^VHien this battery is exhausted, it is necessary to recharge it 
with a new piece of chloride of silver (see description, fig, 87). 
This is easy of execution. 

One of the principal merits of these batteries in boxes is, 
according to their makers, that they close hermetically, bo that 
there is no fear that any liquid will escape from them to injure 
Ihe instrument, or the clothing, when carried upon the person. 
This is an error ; for the hydrogen — a greater or less development 
of which is the inevitable result of the chemical action — never fails 
to make its way by a little fissure, which generally exists around 
the metallic wires, which paan through the lid. Even if the 
jaastic, which suirounds the metallic wires, resists the pressure of 
gas, so that it cannot earai^e, there will still be a risk of ex- 
lion if, under any circumstances, there should be a rapid pro- 
inetion of gas in any large quantity. 

yffi are chieHy exposed to the same accident with the bisul- 
ihate of mercury battery, the chemical action of which produces 
hydrogen by thft deconiijosition of water. The chemical action of 
the chloride of silver battery neither disengages hydrogen nor any 
other gas.* But if its chloride of silver is exhausted, that is, if it 
loses its proper action, and forms part of a circuit of a battery, 

imposed of a sufficient number of elements, it fulfils the office of 

voltameter, and then the current, in traversing it, decomposes 
water, and produces a great quantity of hydrogen. It is under 

ich circumstances that a chloride of silver element, inclosed in 
impermeable case, may explode.' 



• "TliB chloride orBodiuro," M. GaiOe 

I, ■■ lieing only empliiypd In 

t the liqnid a condut^tor, and tiia 

vdnet or the batti^ni being chlnrirlc of 

ID, I have rep]B«il the rormer by an 

fjpml quantity of the latter, in order to 

a ona wit only, and lo avoid the 

DD wbioh the two chIoride« exert 

n Mch other; an action which iiaa 

] tho battery, since, chargiid 

■ way, it wtU work regularly 

r ■ much longer time. Another ad- 

jB of Uie chloride of ano is that, by 

J* employment, we avoid the production 

if gu, eren when tho charge of chloride 



* There is no production of gas in the 
chloride of silver battery, bocanso there i> 
only a displacement of chlorine, wliirli 
leaves the atlver to coiabiae with tho 
zinc: so that before the battery begins 
working we have: AgCl, Zn. HO, Nafl, 
aod, after its action ; A^, ZnHO. NoCl. 
The chlorine only, therefore, has changed 
its plain;: the water and the salt have 
(inly acted by their preseace, 

' This ha^ happenoii to myaelf. when 
holding in toy haDd one of these small 
closed batlfvira of hard eaouiehniic. The 
case burst, and snnie of tho contained 
liquid «iu thrown in the face of a pemon 
standing opposite to me. 
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lliis, then, being establishei], it is more simple and prudent tor 
make a capillary opening through the caoutolioui; covering, byi 
which the pas may escape if the pressure becomes too preat. 

K — PoM'ej- and size of the electro-dynamic indrmnenia. — ] 
certain cases, &s I have said, the induction inBtrumente should be 
very powerful (see III., p. 239), We have here to consider their 
physiological action, and from this point of view to determine their 
power. This, therefore, is not so simple a matter as waa thoug^ht 
by JIM, Becquerel, when they wrote : — " The etdra current, and 
the current of the frst kind, do not poasfst an elective action over this 
or that function, but (hey have an action more or less energdie, fty 
reason of their tenaion." ... It was a mere matter of inex- 
perience, at the time when M. Becquerel the younger maintained 
this position in defence of a physical theory. It was no longer a 
matter of inexperience alone, when it was maintained before the 
Institute, eight yeai-a subsequently, by M, Bfcquerel the elder; 
because it would have been easy for him to have acquired a 
j)ersonal knowledge of the subject, by submitting to my experi< 
ments, as so many other physicists of equal position had do 
Bnt, fortunately, he has been unable to arrest tlie progress 
science, and it is now perfectly established — 1. That the extra 
current, which has very little tension, or iiifinitoly less than the 
induced current, excites acutely, and more acutely than the latter, 
the sensibility of the greater number of the organs situated, 
beneath the akin (the nerves, the muscles, the bladder, the utenuj 
tlie teste*.), 2, That its therapeutic application, in full dose, 
indicated in the cases where these organs are deprived of sen 
bility, iu cases where it is necessary to act upon the DUtritioif 
(which I have ohaerved that it seems most to stimulate, perhaps 
by producing less contraction of the capillary vessels than tli 
induced current). 3. That, by reason of the weakness of it 
power U) penetrate to deeper tissues (in other words, the weaknei 
of its tension), the extra current is the only one that is adaptaj 
for cases in which it is indicated strongly to excite the contractili^ 
and sensibility of superficial muscles, without acting upon tboatt 
that are beneath tliem, 4. That, in order to obtain this speci«t 
physiological action of the extra current, its wire should have ft 
ct^'rtain diameter antl a sufficient length, so as to hare an initiidE 
lorw proportionate to that of tbe magnet and of the battery. Sf 
and lastly. That this extra ctirrent becomes powerle^ when w6 
wish to penetrate a great thickness of tissue, so as to excite dee>pty« 
situated organs, such as muscles of the deeper layer ia very Eat or 
ivdematoos persons, or when we wish to excite ^ery acutely 
sensibility of the skin, as in profound anesthesia. It is k 
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necessary to have recourse to a strong induced current of powerful 
teugion. 

These facts show the insufficiency of the very small intiiiction 
inetruincnts of Gaiffe, Bubmkorff, and Trouv^, — inHtrampnts the 
extra currents of which are almost jjowerless, and of which the 
indua-d currents have not Bufficient tension to reach the muscJeR, 
or to pass through any depth of tissue, {It b especially with slow 
interniissioDB that we can appreciate Die weakness of these small 
instruments.) 

Instruments of very small size and of easy transport can 
tb;refore only be utilised for therapeutical purposes in a very 
small number of cases. I regard them as pretty toys, which may 
be relegated to the domain of drawing-room physics. MM. Gaiffe, 
Legendre and Moriu, and Euhmkorff. hare fortunately constructed 
iutiameuts of medium force, almost equal to that of my own small 
iiMtrnnient in the form of a book (see iigs. 58 and 60), and which 
ftilHt nearly all the requirements of practice. 

That of M. Gaiffe preserves the sha])e of the small instrument 
represented in fig. 8b. Its size being only increased one-fourth, 
it ia still very portable, und its flattened shape allows it to be 
ouried under the arm like a book. It is not the same with the 
nxtnimeiitfi of M. Ruhmkorff, or of I^egendre and Morin, wbicb 
We contained in boxes that must be carried by the hand. The 
instrument of RuhmkorflT is twice the size of that of Legendre and 
Itorm. It might be easily reduced by about a third, if the maker 
'ould substitute graduation by a metallic tube for gratluation by 
*te mutual influence of the coils. The former has, over the latter, 
•dvantages which have induced me to give the preference to it 
(•ee p. 253). The modification which I propose would simplify 
^K conslruction of KuhmkorfTs apparatus, and would couse- 
^neatly iliminish its size and its price. 

I'hese instrumenls of medium power are far from attaining the 
force of my large voUa-faradic apparatus (see figs. 52 and 56), 
«liich has rendered me such services in cases in which the former 
Would have been insuiScieut or powerless, and which, notwith- 
standing its greater size and greater weight, ie still portable. It 
tuoally serves me for my own chamber apparatus, and it is worked 
by a fraction of my sulphate of lead battery, 

I would advise manufacturers to take it as their model, 1. as 
r^ards ila power, which could not be exceeded, I believe, without 
danger to [mtienta ; 2. as regards its graduation by internal and 
external metallic tubes ; and, lastly, as regards its commutator of 
the coils, and of the poles. They should not forget to attach to it 
s Tater moderator (F, fig. 52), which converts at pleasure, this 
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powerful apparatus into one tbat is moro or leas we&k, in sacb a 
maaner that, re'luced to its minimum, its gradunting tubes will 
measure its weakest doses as exactly as its most powerful ones. 

[■SMArer'i inilaclion aj^ralui. — Probably the greatest obstacle to the uao 
ofmduc^delectrioity asa therapeiitiiuila};L'i)tiiiEufrlaiid,basbc«n the want uf 
an efficient portable mdaction apparatus, in which the trouble ooimnoiUy 
conDected with the regnlation of the voltaic elements shall have been reduced 
to the RmollcHt point, which shonld be at all times imnicdiately available for 
use, and which shonld not prove too costly. This obstacle baa been most 
auccewfnJly overcome by Emil Stdhrer, Ph.D., of Dresden. Ho has con- 
structed an iadnction npparatus, that folly meets the requirements of daily 
practice. The peculiarity of this apparatus consigts in the arrangement of 
the zinoo-carbon cell, already described (p. 57, fig. 15). The siniple mechan- 
ism by which the elements can at once be immereea, or removed from the 
exciting Uqaid, and the length of period over which, with ordinary care, 
these elements retain their octivity— without need for re-amalgamation of 
the zinc, or removal of the acids (not lees, indeed, than from six to eip;ht 
weeks); these are invalnable advantages in active practice. They render 
tlie use of induced electricity, for all purposes of diagnosis or treatment to 
which it may be applied, a^ facile as tlie test of a speculiUQ, an ophthalmo- 
scope, or a larj-ngoscope. The readiness with wliich this induction apparatus 
can be placed in action, makes it highly desirable that one should ba kept 
at bond in all hospital operation rooms, and, indeed, in all institutions whore 
cliloroi'orm is used ; for it affords an instant and most valuable means of 
exciting artificial respiration in asphyxia, by faradization of the phrenic 
nerves. 

Stohrer constmots a smaller (fig. 91) and a larger (fig. 92) induction apparJ 
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■tos. The batt43r; of the former is canetitated b; a einglo cell ; of tlio l&tter 
^ two ccIIb, which toay, however, bo arranged either as two pairs, or an a 
angle pair of elemeuts. Both possess n primorj and a secODuary coil, the 
enirenU of each of which can be made use of separately; and, in both, 
the cnrrent^ have a definite direction, positive electricity being set ftee at one 
terminal, and ne^n^tive at the other, of each of the coils. The terminal from 
which the [joaitive current proceeds may be ascertained easily by the decom- 
position of iodide of potassium. The larger apparatus differs from the amaller, 
in having » much greater range of power, more thorough means of graduating 
the currL^nte, and a more elaborate arrangement of the interrupting hammer. 
With practice, however, the force and rate of interruption of the smaller 
ipparatua may be regulated with much nicety. To neither instrument is a 
W^r^radiialor attached ; but, if needed for any special nicety of application, 
cne can readily bo added, and it would be best carried loose in (he drawer for 
wCQBsories, to he attach^ only when required. Gradnation of the strength 
of Uie currents is eFTocted by the degree of isuneraion of the voltaic elements 
in the exciting acid, and by the arrangetaent of the coils. The primary coil 
IB fixed upon a pedestal ; the secondary is movable, and is brought into or 
pjacej out of action bj being lifted over or thrust away from the primary coil. 
The degree of action in the secondary coil is proportionate to uie extent to 
which it is brought under the influence of the primary coil. The action of the 
primary coil is r^uiated in the smaller inBtrnment by the degree of immeraion 
of the voltaic elements, and by the extent to which the coil is masked by the 
wcondary coil,— the latter coil acting upon it, when the primary coil is alone in 
nw>, ae a metallic sheath would do. In the larger apparatus, a special copper 
■heath is provided for the graduation of the current of the primary coil. It 
is to be regretted that a Rimilar arrangement has not been adopted in the 
■maUer apparatus. 
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Although, of all indnction iostmments for daily use, Stohrer's involyes the 
least difficulty and care, still, to the perfection of its use, as of all delicate 
instruments, care is necessary. It is especially important that the zinc 
should be thoroughly amalgamated, and too great pains cannot be given to 
secure this end. It is necessary also that all the points of connection should 
be kept iJioroughly clean, and all the accessories in good order. The zinc 
should be amalgamated whenever, in use, effervescence of the acid is per- 
ceived. 

Duchenne's large yolta-fiEuradic apparatus is unquestionably the most per- 
fect for medical purposes ; Stohrer's apparatus is the best adapted for the 
ordinary exigencies of active practice. — H. TJ\ 
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